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CHAPTER 1—GENERAL 


R1—GENERAL 

1.1 — Scope of ACI 318 


R1.1—Scope of ACI 318 

Rl.1.1 This Code includes provisions for the design of 

1.1.1 This chapter addresses (a) through (h): 


concrete used for structural purposes, including plain 

(a) General requirements of this Code 


concrete; concrete containing nonprestressed reinforcement. 

(b) Purpose of this Code 


prestressed reinforcement, or both; composite columns with 

(c) Applicability of this Code 


structural steel shapes, pipes, or tubing; and anchoring to 

(d) Interpretation of this Code 


concrete. This Code is substantially reorganized from the 

(e) Defnition and role of the building offcial and the licensed 


previous version, ACI 318-11. This chapter includes a 

design professional 


number of provisions that explain where this Code applies 

(f) Construction documents 


and how it is to be interpreted. 

(g) Testing and inspection 

(h) Approval of special systems of design, construction, or 
alternative construction materials 


- jjiii jidyi 


,»U R1 

ACI 318 JU»- 1.1 


:(^) ^ (1) J-aill li* JjUi 1.1.1 


ACI 318 JU»-R1.1 



Lal^i I"!"! 

^ 




JILmL d±a&i jj 



y dJlfl ^ SjSjjaIIj jj 



1.^ ^ n t .A.OI 31S~11 

f.Lyi jjijj (j) 


.IAjja.a1j Aji^j <.5^^ 

(J) 

f U^l ji pLL ji 



1.2—General 


R1.2—General 

1.2.1 ACI 318, “Building Code Requirements for Structural 



Concrete,” is hereafter referred to as “this Code.” 


,aU 2.1 

Rl.2.2 The American Concrete Institute recommends that 

t»U 2.1 



i (JjLmiIaII 4 A.OI 31S 1.2.1 


this Code be adopted in its entirety. 

."jjsii ij*" 


R 1.2.l^A 'Ig.r aII 

1.2.2 In this Code, the general building code refers to the 


Rl.2.3 Committee 318 develops the Code in English, using 

building code adopted in a jurisdiction. When adopted, this 


inch-pound units. Based on that version. Committee 318 

Code forms part of the general building code. 


approved three other versions: 

(a) In English using SI units (ACI 318M) 

(b) In Spanish using SI units (ACI 318S) 

SaaUxaI) fUJi ^ 2.2.1 


(c) In Spanish using inch-pound units (ACI 318SUS). 

fUJi (dAAjfrl 


Jurisdictions may adopt ACI 318, ACI 318M, ACI 318S, or 
ACI318SUS. 

1.2.3 The offcial version of this Code is the English language 


4 Axilb Jjill jjjiallj 318 Rl,2.3 

version, using inch-pound units, published by the American 


cj|318 1 jlAt.dYI ijft .lb - 

Concrete Institute. 


(ACI 318M) (Lflj-lh (i) 

AiAll ^ AaAwdjll 3.2.1 


(ACI 3I8S) (v) 



.(ACI 3I8SUS) (2;) 

ji ACI 318S ji ACI 318M J ACI 318 ^Lbailt cbUoUt J 

.ACI 318SUS 
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1.2.4 In case of conflict between the official version of this 
Code and other versions of this Code, the offcial version 
governs. 

^ (Jjlll I.1A (jji 

1.2.5 This Code provides minimum requirements for the 
materials, design, construction, and strength evaluation of 
structural concrete members and systems in any structure 
designed and constructed under the requirements of the 
general building code. 


pU4lj CjUIialAll fjji 5.2.1 

U^|*U ^ CjLUdl ^jli.4 

outlaid 

1.2.6 Modifcations to this Code that are adopted by a particular 
jurisdiction are part of the laws of that jurisdiction, but are not a 
part of this Code. 


^ ^ uk Alauljj ^ CiihJaiA 6.2.1 

dJA *S\j iilij 

1.2.7 If no general building code is adopted, this Code 
provides minimum requirements for the materials, design, 
construction, and strength evaluation of members and 
systems in any structure within the scope of this Code. 


ijA jLucI ^ ^ |j| 1,2.7 

cliL^lall CjUtlalAll 

i.lA ^Uaj ^ Uixa 

1.3—Purpose 

1.3.1 The purpose of this Code is to provide for public 
health and safety by establishing minimum requirements for 
strength, stability, serviceability, durability, and integrity of 
concrete structures. 


COMMENTARY 


Rl.2.5 This Code provides minimum requirements and 
exceeding these minimum requirements is not a violation of 
the Code. The licensed design professional may specify 
project requirements that exceed the minimum requirements 
of this Code. 


IjA CjUUaldl ijA Rl.2.5 

jk Jaj V CjUUalAll 0- 

I^A CjUllala ^ cjUUala 


R1.3—Purpose 

Rl.3.1 This Code provides a means of establishing minimum 
requirements for the design and construction of structural 
concrete, as well as for acceptance of design and construction 
of concrete structures by the building offcials or their 
designated representatives. This Code does not provide a 
comprehensive statement of all duties of all parties to a 
contract or all requirements of a contract for a project 
constructed under this Code. 
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(jLaVlj 

CjUa*ia\I ^UaIIj jIjSIujVIj 


^je_fii\ 1.3 

JjijJ jA JjSJl |j* ijM (jijill 1.3.1 
^ CjUlialftll ^.^Vl .^1 

<1 . ..j-v\t 


1.3.2 This Code does not address all design considerations. 

CjIjLj&I 1.3.2 


1.3.3 Construction means and methods are not addressed in this 
Code. 


li* ^ IfljLjj fUJ Jj'-JJJ Jjla 1.3.3 


1.4—Applicability 

1.4.1 This Code shall apply to concrete structures designed 
and constructed under the requirements of the general 
building code 


1.4 

1.4.1 CjLilall 

cljUliaj.a 


1.4.2 Applicable provisions of this Code shall be permitted 
to be used for structures not governed by the general building 
code. 

^ ^.yl...y (jA lajj.4^1 (Jajlaj 1.4.2 

V 4^1 CjLwdail 


1.4.3 The design of thin shells and folded plate concrete 
structures shall be in accordance with ACI 318.2, “Building 
Code Requirements for Concrete Thin Shells.” 


COMMENTARY 


u^jU cljUlialAll (j.a 


Ja^\ R1.3 
Ij* Jji 1-1-3 

Qji f Ujj -j ejU^lall f UjIj 

bLaUa uUj d.^ ^ -Ujb* ji 

tjL^I ^ cjUUala ji ciljlaVI diL^lj 

1.^ 


Rl.3.2 The minimum requirements in this Code do not 
replace sound professional judgment or the licensed design 
professional’s knowledge of the specifc factors surrounding a 
project, its design, the project site, and other specifc or 
unusual circumstances to the project. 


IJA ^ ejlallaldl ijA .1^1 J.U'uaj V Rl.3.2 

^JXA ji 

jl dJ.a^.All lajjaill (JA i41j AmaaOAJ ^JJaaAllj 

Cjbdl 


R1.4—Applicability 


Rl.4.2 Structures such as arches, bins and silos, blastresistant 
structures, chimneys, underground utility structures, gravity 
walls, and shielding walls involve design and construction 
requirements that are not specifcally addressed by this Code. 
Many Code provisions, however, such as concrete quality and 
design principles, are applicable for these structures. 
Recommendations for design and construction of some of 
these structures are given in the following; 

• “Code Requirements for Reinforced Concrete Chimneys 
and Commentary” (ACI 307-08) 

• “Standard Practice for Design and Construction of Concrete 
Silos and Stacking Tubes for Storing Granular Materials” 
(ACI 313-97) 

• “Code Requirements for Nuclear Safety-Related Concrete 
Structures and Commentary” (ACI 349) 

• “Code for Concrete Containments” (ACI 359) 
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(ji t fla.iiyt 1.4.3 


t aa. .1^ \ 


ACI 318.2 ISaj CiLii4l 

\ .1 , ..j-^ tl 


1.4.4 This Code shall apply to the design of slabs cast on 
stay-in-place, noncomposite steel decks. 


^ cjUa!:Lll «j ^JlC■ .ijill Ija 1.4.4 


1.4.5 For one- and two-family dwellings, multiple singlefamily 
dwellings, townhouses, and accessory structures to these types of 
dwellings, the design and construction of castin-place footings, 
foundation walls, and slabs-on-ground in accordance with ACI 
332 shall be permitted. 


ji ^ 1.4.5 

.1 JjHaj djAajVl dJA9ll.a 

.ACI 332 J liij A^jV! cjUalUlj iCjL.iU«Vl 


1.4.6 This Code does not apply to the design and installation of 
concrete piles, drilled piers, and caissons embedded 
in ground, except as provided in (a) or (b): 

(a) For portions in air or water, or in soil incapable of 
providing adequate lateral restraint to prevent buckling 
throughout their length 

(b) For structures assigned to Seismic Design Categories 
D, E, and F 


COMMENTARY 


R1.4 

diLuilall Jauu 2-1-14 

A^l^j AuaiajVl CjUl.t.aj 

Ajlll dAA l^jU^ V 4^1 fU4lj t-.l aU'.A dAjLuall 

^ AjAxI) iiillA ,AA^ 

fLLj CjL^jj Ajjj dAA 

L>^ diL^lall 9AA (jaUA 

(ACI 307-08) J A^^LauJl AjiixuiVI o^IaaU a jill cjUlkla" . 

(jklAAll AJLwij^l Aj.AAajjLaAll" • 

(ACI 313-97) "a#a^I a1j.a11 caj^ 

^!:La4Lj Juj.all ^JaIxUIj ^Lujikll L^ia'Ij a ,^l a'i jj£l| a" • 

(ACI 349) 

(ACI 359) AjS" . 


Rl.4.4 In its most basic application, the noncomposite steel 
deck serves as a form, and the concrete slab is designed to 
resist all loads, while in other applications the concrete slab 
may be designed to resist only the superimposed loads. The 
design of a steel deck in a load-resisting application is given 
in “Standard for Non-Composite Steel Floor Deck” (SDI 
NC). The SDI standard refers to this Code for the design and 
construction of the structural concrete slab. 

A^jaj^I A^AxaII J.axj i A^LwiVl AjIajaIsj ^ Rl.4.4 

^ t ^ A.ajU.a1 A^Lujj^I CjUa^t^l t 

^ A^IjjaII JLa^VI A.aj1^a 1 A^Lujjkil Aja^Ull (jSm 

aJx^LII jIaxa" ^ ^Ax.dl 

jXiA^ AJill lA* yll SDI jIaxa ja4lj .(SDI NC) "MJ-h JAft ^AxaJI 

Lji.'aII Ajalb ^Luj 


Rl.4.5 ACI 332 addresses only the design and construction of 
cast-in place footings, foundation walls supported on 
continuous footings, and slabs-on-ground for limited 
residential construction applications. Multiple single-family 
dwellings include structures such as townhomes. 


(JjUjjR 1.4.5 ACI 332 AjjA^a^ll 

(jjUa^UlIj idjAluiAll ejL*L*jVI ^j&A.ftll ejL*jL*VI (jljA^j t^jAll 
^LwmII ^ AjAxII ,dAjAx*ftll AjX..lU ^U^l ejlAjjlall Aj*.lajVI 

_A la*^. .1 *U JjUaII JLa dA^lj dj*jji L^Ia Qa ^ji.4ll 


Rl.4.6 The design and installation of concrete piles fully 
embedded in the ground is regulated by the general building 
code. Recommendations for concrete piles are given in ACI 
543R. Recommendations for drilled piers are given in ACI 
336.3R. Recommendations for precast prestressed concrete 
piles are given in “Recommended Practice for Design, 
Manufacture, and Installation of Prestressed Concrete Piling” 
(PCI 1993). Refer to 18.13.4 for supplemental requirements 
for concrete piles, drilled piers, and caissons in structures 
assigned to Seismic Design Categories D, E, and E. 
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^ u^jjj iIa V 6~4-l 

^ jlb La fU jIwiIj (Q^jVl ^ djji^All 

■M i (i) 

JJ2jj yje 9Jjla J^l 5jjjJl ^ ji i?L»ll ji ^ yill ^IjaiU A-Uji'ilb (i) 

f IjjiVl 

F j E j D ijjU^ A A\t 


1.4.7 This Code does not apply to design and construction of 
slabs-on-ground, unless the slab transmits vertical loads or lateral 
forces from other portions of the structure to the soil. 


Jajj ^ U (AjJajVI diUa^l fluj ^njain' ^jjlin V 1.4.7 

l.i Vul l ^ A nil ->11 (^jaII ji jll JU^Vl 5 . 1 a^l 

U^\ 


COMMENTARY 


u^jjj Rl.4.6 

^ ^ J.alillj Aj^^oll 

' .ACI 336.3R J f.\^\^, .ACI 543R 

Aj..ujLftAll" ^ jl^Vl AajLmi ^ 

PCI) "aI^VI A^Lui ^Luj^l u^jjj 

.(1993 

A^LiaVl cliUllajAll 18.13.4 

j P) cjLiil A a\i cjL^ldj ^ cjUjA^l£l)j 9 j,^1^.a1) 

.F j E 


Rl.4.7 Detailed recommendations for design and 
construction of slabs-on-ground and floors that do not 
transmit vertical loads or lateral forces from other portions of 
the structure to the soil, and residential post-tensioned slabs- 
on-ground, are given in the following publications; 

• ACI 360R presents information on the design of slabson- 
ground, primarily industrial floors and the slabs adjacent to 
them. The report addresses the planning, design, and detailing 
of the slabs. Background information on the design theories is 
followed by discussion of the soil support system, loadings, 
and types of slabs. Design methods are given for structural 
plain concrete, reinforced concrete, shrinkage 
ompensating concrete, and post-tensioned concrete slabs. 

• The Post-Tensioning Institute (DC 10.5-12) provides 
standard requirements for post-tensioned slab-onground 
foundations, soil investigation, design, and analysis of post- 
tensioned residential and light commercial slabs on expansive 
soils. 


j ^Rl,4.7 

(jA (JA Ajj.il-vl) [5 ja 1I ji A^ijll JL»a.VI JaIj V CjL^jVI 

( post-tensioned ) ahj a^jSII cjUaiUl' a»jj iAjjiU Lildl 

;A^lalj ^ ‘‘ Aj*S. .lU 

JjVI ^ tA^ Ji\ CjUa^l -tjjj.to'i ^ CjL9jlx.a ACI 360R * 

jjjijll Jjtu .I 4 I 9jjl^^l ,Atc.\ ;,^'l 

A..^ATu A^LuiVl CjLa^^lx.all ,CjUa^t^l 

iljLAlftl (Jjis fUafrl ^ ,CjUa^Ull CjL4.a&j 

CjUa!;t^l AuSLLdl 


.(post-tensioned) axj 

^La ciUlkiA (DC 10.5-12) The Post-Tensioning A 4 *" jiji • 

1 1 ‘ aAII Jxj Aj^jVI CjUa^Ul (jjuaV 

,^Lkuj lull Aiij Aijikll AjX.,i'tj ^jL^I CjUa^st^l 
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1.4.8 This Code does not apply to the design and construction of 
tanks and reservoirs. 




1.4.9 This Code does not apply to composite design slabs cast on 
stay-in-place composite steel deck. Concrete used in the 
construction of such slabs shall be governed by this Code, where 
applicable. Portions of such slabs designed as reinforced concrete 
are governed by this Code. 

^ V 1.4.9 

CjUa^t^l 9Jls ^Lu ^ i .. CjUa^LlIj 

^Luijihj ^ fjA f Lu^ a<-vj 

d.9A aS-v*. 


1.5—Interpretation 

1.5.1 The principles of interpretation in this section shall 
apply to this Code as a whole unless otherwise stated. 1.5.2 This 
Code consists of chapters and appendixes, including text, 
headings, tables, fgures, footnotes to tables and fgures, and 
referenced standards. 

JjkMiiaUI 1.5 

^ La ^ 1.5.1 

lillj ^ Laj i(_j:k5Laj JjSJl li* 1.5.2 Li5ti 

iIjUa&^Lallj iJHuVIj 

1.5.3 The Commentary consists of a preface, introduction, 
commentary text, tables, fgures, and cited publications. The 
Commentary is intended to provide contextual information, but is 
not part of this Code, does not provide binding 
requirements, and shall not be used to create a conflict with 
or ambiguity in this Code. 

i4,.ajl.a i.la^..aj ^ 1.5.3 

.atjalj. .1 CjLa^^ls..a ,djjS.Lall 

.“.I Vj d^A (jj» 

.JjSlI IJA ^ (jij.aiJl j\ ^ (jijUj 


COMMENTARY 


Rl.4.8 Requirements and recommendations for the design 
and construction of tanks and reservoirs are given in ACI 
350, ACI 334.IR, and ACI 372R. 


A^Lall -j.a.cjUllal.a Jjj Rl,4.8 

.ACI 372R j ACI 334.1R j ACI 350 J 


Rl.4.9 In this type of construction, the steel deck serves as 
the positive moment reinforcement. The design and 
construction of concrete-steel deck slabs is described in 
“Standard for Composite Steel Floor Deck-Slabs” (SDI C). 
The standard refers to the appropriate portions of this Code 
for the design and construction of the concrete portion of the 
composite assembly. SDI C also provides guidance for design 
of composite-concrete-steel deck slabs. The design of 
negative moment reinforcement to create continuity at 
supports is a common example where a portion of the slab is 
designed in conformance with this Code. 


J.4iu i pU4l ijji Rl.4.9 

jljx.all" jji <LuJii.alU <LuLuj^l ^ 

jU*^l Ji4u .(SDI C) " M>*h iliOaiUl 

jfijj (^a f 1.^ (jji 

CjUa^Ul) lllaji SDIC 

jA .i', 

.Jjill IJA ^ (JSIjjILj Qa ^''' ^ 


R1.5—Interpretation 
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1.5.4 This Code shall be interpreted in a manner that avoids 
conflict between or among its provisions. Specifc provisions 
shall govern over general provisions 

,4..aL£^l jl (jAua jujiS* 1.5.4. 

1.5.5 This Code shall be interpreted and applied in accordance 

with the plain meaning of the words and terms used. Specifc 
defnitions of words and terms in this Code shall be used where 
provided and applicable, regardless of whether other materials, 
standards, or resources outside of this Code provide a different 
defnition. Aijjlajj 1.5.5 

1.^ ^ cjLolSlI Qji 

Ul Lop ji^l Sjfijla 0.5^ Lu^ * 

at'.A A cjLLjaj ji ji 

1.5.6 The following words and terms in this Code shall be 
interpreted in accordance with (a) through (e): 

(a) The word “shall” is always mandatory. 

(b) Provisions of this Code are mandatory even if the word 
“shall” is not used. 

(c) Words used in the present tense shall include the future. 

(d) The word “and” indicates that all of the connected items, 
conditions, requirements, or events shall apply. 

(e) The word “or” indicates that the connected items, conditions, 
requirements, or events are alternatives, at least one of which 
shall be satisfed. 

^ cjLftlili 1.5.6 

(i) d d 

.V'ji! "shall" ^ (i) 

1 A "shall" CjjlS ^ I 

ji CjluUaldl ji ij^\ "j" (•^) 

lj\ 

ji iCjUUaldl "ji" ‘t.dS 

(ji (JSVl l^j-a (^ ‘(Jjl-lJ 

1.5.7 In any case in which one or more provisions of this 
Code are declared by a court or tribunal to be invalid, that 
ruling shall not affect the validity of the remaining provisions of 
this Code, which are severable. The ruling of a court 

or tribunal shall be effective only in that court’s jurisdiction, 
and shall not affect the content or interpretation of this Code 
in other jurisdictions. 


COMMENTARY 


Rl.5.4 General provisions are broad statements, such as a 
building needs to be serviceable. Specifc provisions, such as 
explicit reinforcement distribution requirements for crack 
control, govern over the general provisions. 


J*aiAii-R 1.5 

‘ (^ ^Ixll Rl.5.4 

.<.v*U cjUliala (Jla .^1 A'l Jajj.^1 

^ 

Rl.5.5 ACI Concrete Terminology (2013) is the primary 
resource to help determine the meaning of words or terms 
that are not defned in the Code. Dictionaries and other 
reference materials commonly used by licensed design 
professionals may be used as secondary resources. 


^L-Sn (> (2013) ACI Jjill cjUlkui- Rl.5.5 

..t (jLoj 


R.1.5.7 This Code addresses numerous requirements that can 
be implemented fully without modifcation if other 
requirements in this Code are determined to be invalid. This 
severability requirement is intended to preserve this Code and 
allow it to be implemented to the extent possible following 
legal decisions affecting one or more of its provisions. 


(j.al£ IAaAIj (j^.aJ CjUllalAl) Qa JjAaII dAA (Jjtlu 5.4.1.1 
.A^Ud lAA ^ (^j^Sh (liUUaldl (ji AjAaj ^ |j| (JjA*J (jjJ 

IAAjAuj Jjill »AA JalAAll ijl] CjUUaldl LAA^ 

(> ^i ji Aa.lj yjft Jjjj CjIjIjaII Aaj (jSjM Aa. u^eisA 
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1.6—Building official 

1.6.1 All references in this Code to the building offcial 
shall be understood to mean persons who administer and 
enforce this Code. 

(lUJl - 1.6 

fjjxj l_^ I^\ ^ J.dl 1.6.1 

.JjSll IJ* Qjt Jijj 

1.6.2 Actions and decisions by the building offcial affect 
only the specifc jurisdiction and do not change this Code. 


lais jjjj *^1 1.6.2 

Vj 

1.6.3 The building offcial shall have the right to order 
testing of any materials used in concrete construction to 
determine if materials are of the quality specifed. 

^ 1.6.3 

1.7— Licensed design professional 

1.7.1 All references in this Code to the licensed design 
professional shall be understood to mean the person who is 
licensed and responsible for, and in charge of, the structural 
design or inspection. 

j.all - 1.7 

Q\ jaII ^jj^ ^ ^)a1| ^ A y 1,7.1 

jl LLIaII i^jjAUAj (j^^jA jk ^.^1 AjI 

.Lit 

1.8— Construction documents and design records 

1.8.1 The licensed design professional shall provide in the 
construction documents the information required in Chapter 
26 and that required by the jurisdiction. 

- 1.8 

CjUa^^lxAl ^ Q\ I ijW A 1.^.1 

ijsi ■t.ia'i ill'.,I'11^ aU" 26 


COMMENTARY 

R1.6—Building official 

Rl.6.1 Building offcial is defned in 2.3. 


- R1.6 

.2.3 Rl.6.1 (4; 


Rl.6.2 Only the American Concrete Institute has the 
authority to alter or amend this Code. 


J^Aiu ji JA^ AjaI lals Rl.6.2 


R1.7—Licensed design professional 
Rl.7.1 Licensed design professional is defned in 2.3. 


gaftjXI |8i*ftiniill - R1.7 

.2.3 (j^>»h i_ijjaj Rl.7.1 4^ 


R1.8—Construction documents and design records 
Rl.8.1 The provisions of Chapter 26 for preparing project 
drawings and specifcations are, in general, consistent with 
those of most general building codes. Additional information 
may be required by the building offcial. 


ciiliyAJij ^LLll (3^l^jR1.8 - 
^jIuaII ciilBI tv a jIjcI ^ 26 ^1.^1 1-8-1^ 

ji ,A..aUll flub ^ulit a ^\Sa\ ^ Aluila tCjlAtv allj 

fU4I f^jjAAA AjSLual CjLa.^k-i d A^l.^ dlUft 
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1.8.2 Calculations pertinent to design shall be fled with 
the construction documents if required by the building offcial. 
Analyses and designs using computer programs shall 
be permitted provided design assumptions, user input, and 
computer-generated output are submitted. Model analysis 
shall be permitted to supplement calculations. 

^ ^'‘^'1 dllj dibUii^ i_i^ 1.8.2 

.jjjjxolll ^t^l ^Ij^VI '* ^-^*...1^11 Jt^Jlj diUlalj^l 

ClUloxll jLoSluiV 


1.9—Testing and inspection 

1.9.1 Concrete materials shall be tested in accordance with 
the requirements of Chapter 26. 


(j^aillj jbjiVI — 1.9 
,26 diUllald HSj ^Lmij^I JI^^I jb^l ^ 1.9.1 

1.9.2 Concrete construction shall be inspected in accordance with 
the general building code and in accordance with 
Chapters 17 and 26. 


^ (3^ pUJi ^Ljjj^I L^IaII ^ 1.9.2 

.26 j 17 

1.9.3 Inspection records shall include information required 
in Chapters 17 and 26. 


J 17 JjA^I CjlA^^lxAll dl^l&AA j - ‘ (ji 1.9.3 

.26 


COMMENTARY 


Rl.8.2 Documented computer output is acceptable instead of 
manual calculations. The extent of input and output 
information required will vary according to the specifc 
requirements of individual building offcials. However, if a 
computer program has been used, only skeleton data should 
normally be required. This should consist of suffcient input 
and output data and other information to allow the building 
offcial to perform a detailed review and make comparisons 
using another program or manual calculations. Input data 
should be identifed as to member designation, applied loads, 
and span lengths. The related output data should include 
member designation and the shears, moments, and reactions 
at key points in the span. For column design, it is desirable to 
include moment magnifcation factors in the output where 
applicable. The Code permits model analysis to be used to 
supplement structural analysis and design calculations. 
Documentation of the model analysis should be provided 
with the related calculations. Model analysis should be 
performed by an individual having experience in this 
technique. 


CjUIaa^I fja SIJj jljkVI Rl.8.2 

i fli'.-v'. cijAA ^ t-.l-vj-v aUj Cj^tk.lall ,^j.^l 

^ Ul (iilij ,Ja1.aa 1| fU^I 

(jj» 1^ ‘ ^ ^ jIb A CjIjU^I ‘ ^ 

^jkVI CjIa^^IxaIIj ^ Cj^tkiAll CjLjUj 

jl ^)kl ^l^kAujb CjUjUa plj&lj flj^V pt^l 

jA^Uxll ^jajxaI ^,uaUIj Cj^t^.Lall bjbbj CjIjLa^ 

^Ij^VI bjUbj ^1 Jl^^lj Aijlxall JLa^Vlj 4 aaja..^j1| 

.lie JlaiSVI jAdjxll cliU 

uj&jaII (jji AjaaHIj ^ AjaAjiljll Jalllll 

aJA ^uuu ■3.'.^''" ALUII (IiL^jA^I ^ Cj^liiA 

^L^yi JLa£luiV ^A,5 a 1!| ^lAkluib 

^Ij^l 1-1^ .ALall clib '-'I A. .i-vll ^ ^jLull ^ 

,<Luklll aJA ^ 
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1.10—Approval of special systems of design, 
construction, or alternative construction materials 
1.10.1 Sponsors of any system of design, construction, or 
alternative construction materials within the scope of this 
Code, the adequacy of which has been shown by successful 
use or by analysis or test, but which does not conform to or is 
not covered by this Code, shall have the right to present the 
data on which their design is based to the building official or to a 
board of examiners appointed by the building offcial. This board 
shall be composed of competent engineers and shall have 
authority to investigate the data so submitted, require tests, and 
formulate rules governing design and construction of such 
systems to meet the intent of this Code. These rules, when 
approved by the building offcial and promulgated, shall be of the 
same force and effect as the provisions of this Code. 


^Uaj ^ ji fUj ji *j ‘ 1,10.1 

ji 4^ ji *1 ..yt ^jla 

(jaJl I4J iJjSlI li* ^ jjiJl ji ^ V ‘j'jjiVI 

^ jl f U^l 

ijji I.IA (3^ 

*S-v'. CjUL^I fjk 4jaluj 

^ La£ djill 0 ^ UJ^ 


COMMENTARY 

R1.10—Approval of special systems of design, 
construction, or alternative construction materials 

Rl.10.1 New methods of design, new materials, and new uses 
of materials should undergo a period of development before 
being covered in a code. Hence, good systems or components 
might be excluded from use by implication if means were not 
available to obtain acceptance. For special systems 
considered under this section, specifc tests, load factors, 
deflection limits, and other pertinent requirements should be 
set by the board of examiners, and should be consistent with 
the intent of the Code. The provisions of this section do not 
apply to model tests used to supplement calculations under 
1.8.2 or to strength evaluation of existing structures under 
Chapter 27. 

jUJI ^1 jUii^l Vi mUII [ftAftinill <MJui ^ mI^I - R 1.10 

«'-'■^*'1 (jjla d Ri. 10.1 

^ ^ ^ d djlil CjLal^^lwdVlj 

^ IjI ji Jbulyul ^ 

^ ^lla JjLyu^l 

(ji CjIj djA^I 

dji ji 1,8.2 CiLLyu^j 

,27 A.AjliIl (JjLuUaII 






11 


CODE 


CHAPTER 2—NOTATION AND TERMINOLOGY 

2.1— Scope 

2.1.1 This chapter defnes notation and terminology used 
in this Code 

j^^l - 2 ^aUl 
JUII2.1 

^ cijAj IIa 2.1.1 

2.2— Notation 

a = depth of equivalent rectangular stress block, mm. 

av = shear span, equal to distance from center of concentrated 

load to either: (a) face of support for continuous or cantilevered 

members, or (b) center of 

support for simply supported members, mm. 

Ab = area of an individual bar or wire, mm’ 

Abrg = net bearing area of the head of stud, anchor bolt, or 
headed deformed bar, mm- 

Ac = area of concrete section resisting shear transfer mm- 
Acf= greater gross cross-sectional area of the slab-beam 
strips of the two orthogonal equivalent frames 
intersecting at a column of a two-way slab mm^ 

Ach = cross-sectional area of a member measured to the 
outside edges of transverse reinforcement, mm’ 

Acp = area enclosed by outside perimeter of concrete cross section 
mm^ 

Aci = cross-sectional area at one end of a strut in a strutand-tie 
model, taken perpendicular to the axis of the strut, mm^ 

Act = area of that part of cross section between the flexural 
tension face and centroid of gross section, mm^ 

Acv = gross area of concrete section bounded by web thickness 
and length of section in the direction of shear force considered in 
the case of walls, and gross area of concrete section in the case of 
diaphragms, not to exceed the thickness times the width of the 
diaphragm mm’ 

Acw = area of concrete section of an individual pier, horizontal 
wall segment, or coupling beam resisting shear, mm- 
A/= area of reinforcement in bracket or corbel resisting 
design moment, mm’ 

Ag = gross area of concrete section, mm2 For a hollow section, Ag 
is the area of the concrete only and does not include the area of 
the void(s) 


COMMENTARY 

R2—NOTATION AND TERMINOLOGY 
R2.2—Notation 

'ai = limiting value of cai where anchors are located less than 
l.Scfli from three or more edges, in.; see Fig. R17.5.2.4 
C = compressive force acting on a nodal zone, N 
dbursi = distance from the anchorage device to the centroid of 
the bursting force, Tbursr, mm. 

eanc = eccentricity of the anchorage device or group of 
devices with respect to the centroid of the cross section, mm. 

fit = stress in the /-th layer of surface reinforcement, MPa 
hanc = dimension of anchorage device or single group of 
closely spaced devices in the direction of bursting being 
considered, mm. 

/i'ef= limiting value of hc/where anchors are located less than 
1.5hc/from three or more edges, in.; refer to Fig. R17.4.2.3 

Kt = torsional stiffness of member; moment per unit rotation 
Ko5 = coeffcient associated with the 5 percent fractile 
{anc = length along which anchorage of a tie must occur, mm. 
{b = width of bearing, mm. 

M = moment acting on anchor or anchor group, N-mm 
ni = number of threads per inch 

N = tension force acting on anchor or anchor group, N 


j^^l - R2 
Jj-jh -R2.2 

jjM l.SCal Cal 4 <Luu1a1| ='al 

R17.5.2.4 jlih ‘. ijs.\ ji Lilja. 

. ‘ Tburst ‘ ajS jSjA d u-Lu ll JL^ SiUAAll —dburst 

(Jkjj Ua ji tl UnUA ll =eanc 

jaJi 

MPa ‘ /.til Al^\ ^ jL^VI =/« 

iJjlJ dj^Vl (JA jl <.•*idiikUilj ^hanc 

^ \.5hef hef -1 AmuIaII ^h*ef 

. R17.4.2.3 J\ ^ ‘ ji 

fractile Cy* 5 ^ =^o5 

, ^ Jjlall —ianc 

t jAAJkAll -€b 

.N-mm ji Jmux ^ =M 

CiliUl JJC' —lit 
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Ah = total area of shear reinforcement parallel to primary 
tension reinforcement in a corbel or bracket, mm- 
Aj= effective cross-sectional area within a joint in a plane 
parallel to plane of beam reinforcement generating shear in the 
joint, mm-A{= total area of longitudinal reinforcement to resist 
torsion, mm’ 

Ai.min = minimum area of longitudinal reinforcement to resist 
torsion, mm’ 

An = area of reinforcement in bracket or corbel resisting 
factored tensile force Nuc, mm’ 

Anz = area of a face of a nodal zone or a section through a 
nodal zone, mm- 

Anu = projected influence area of a single adhesive anchor 
or group of adhesive anchors, for calculation of bond strength in 
tension, mm- 

Anuo = projected influence area of a single adhesive anchor, for 
calculation of bond strength in tension if not limited by edge 
distance or spacing, mm^ 

Avc = projected concrete failure area of a single anchor 
or group of anchors, for calculation of strength in tension, mm^ 
Anco= projected concrete failure area of a single anchor, 
for calculation of strength in tension if not limited by edge 
distance or spacing, mm- 

Jj-jll- 2.2 

jll jS jaII jSja (JA 4,2Laa1) ^jLaj 4 JAJ = 

4 AiIILaaII j£ja ji i ji jaILaaII ^ 

,^3A ^ 4 iill 4 All A^UaA 3I >1^13 A^LaAA = Ab 

( jUjjVI jIaiwm ( s A.brg 

^ dtlalxlAll ~ Acf 

^ ^ d.la&Vl ^ CjljUal 

ijA j.u3xA1 = j\ch 

^ AJs^AaI) AaLwiaI) = J^cp 


COMMENTARY 


Pd = secondary moment due to individual member 
slenderness, N-mm 
R = reaction, N 

T = tension force acting on a nodal zone in a strut-andtie 
model, N (T is also used to defne the cumulative effects of 
service temperature, creep, shrinkage, differential settlement, 
and shrinkage-compensating concrete in the load 
combinations defned in 5.3.6.) 

Tburst = tensile force in general zone acting ahead of the 
anchorage device caused by spreading of the anchorage force, 
mm. 

V = shear force acting on anchor or anchor group, N 

Vii = maximum shear force that can be applied parallel to the 
edge, N 

y-L= maximum shear force that can be applied perpendicular 
to the edge, N 

ws = width of a strut perpendicular to the axis of the strut, 
mm. 

wt = effective height of concrete concentric with a tie, used to 
dimension nodal zone, in. 

wt.max = maximum effective height of concrete concentric 
with a tie, mm. 

Wa = service-level wind load, N 

Afpt = difference between the stress that can be developed in 
the strand at the section under consideration and the stress 
required to resist factored bending moment at section, Mn/cj), 
MPa 

Ecu = maximum usable strain at extreme concrete compression 
fber 

<; = exponent symbol in tensile/shear force interaction 
equation 

4)A’= stiffness reduction factor 
o = wall boundary extreme fber concrete nominal 
compressive stress, MPa 





13 


CODE 


strutand-tie = Aci 

^ ^ (J^ lJt.1^1 ^ ( 

jSj^j .1^1 fU^l yrU ^ ^^Lum s 

^JaLftll web ^Lyu^)^l 4^Lft^Vl ^^LuiaII = j\cv 

^La^VI ^LuiaII ji ^ djjjXAll dji dl^l ^ 

^LaaaII CjIja JJC' jjL&aj V Aja^VI ^1-^ ^ ^Lyuj^l 

^ i A^u^Vl 

ji ( c^Vl jl^^l ji i ^iaLftll ^Laa = Aevv 

,^JA ^ ^jL&aII d^_)A£il ‘- 


^AjujA ^ AmA^LAaI ^Aa^aI) ^1 QM^ ^ulwui) AaIaAA = A/ 

.Ajuja ^ ,^Lyuj^l ^IsLaU A^La^VI A^LwiaI) = Ag 

.^IjiJl Aliala Jaaaj V ^Lyu^)^l A^Iaaa Ag 

jl QM_^ ^ ^jl.^^1 4j^ill ^uluul Aullll A^IaaaII =A/j 

,^-J^ ^ ^jL&aI ^AAA^aII 

(jjlluijil ^jI^^aI) ^^^IIaaaII ^ dtlAxIl Jlxil) ^Ii&aI) Ai^Uaa s Ay 

^ jd.^ixl) ^ SjaUI 

.^jA ^ ^jHaII ^lAaaII Aallll A^LaaI) ~A{ 

,^JA ^ ^jIAa!) ^ulyiuU A^IaaA Jij = At, min 

jMuC AaaII ^^jI^aI ^AA^aII Q^Ia^I ji ^jill ^ ^uA^lLllj A.^LaA = A/I 

.^jA ^ t^jixll A^ialAl) ^ia^All jl dJixll Aiiala Qa A^jJI ^L4aa = Anz 


j^Uaa jl •^Ij jIaaa AJadLuJl ^Uaa = ANu 

^ j.IaII ^ iilAuLAlll AmAjLAa UjLaA^ 


j^Uaa jl (_3 a^V •^Ij jIawia AJadUAll A.^L4 aa s ANgo 

jj ^Laa ^ IjI A4a1| ^ (AujIaIII ^jIIa uLa^ (Aa^V 


^^^A^ jl A^lj jIawia AjadUAl) ^Iaaj^I JaaA A^Laa s Aa^c 

,^JA ^ iilyuLAjJj ^jLAa uIaa^ (AAii^V J^Iaaa 


^^^A^ jl •^Ij jLaaUA AjadUAl) JaaA Ai^UaA s ANco 

^1^1 ^Iaaa ^ IjI .Iwill ^ iilAuLaA^) ^jILa (.aUa^ (A^,<,^V j^Uaa 

^ jl 


A(3 = gross area enclosed by torsional shear flow path mm^ 

Aoh = area enclosed by centerline of the outermost closed 
transverse torsional reinforcement, mm- 
Apd = total area occupied by duct, sheathing, and prestressing 
reinforcement, mm^ 

Aps = area of prestressed longitudinal tension reinforcement, mm^ 


COMMENTARY 


N-mm (J^1 <-aaI1 a£L^ 

N ‘ Jj ~R 

^ ti^l ^i^lkAjj 4 ^ d.1^1 A.^ialA djjjAl) .14^} djd sj* 

^IaIjVIj i 4 A^,l^| djlj^ A^jll A^^IjaII CjIj^IaII ^X) 

JLa^VI u^ljj ^ ^Ia£j^ A^LuaVl 4 4ljjlAAAlj 4 

.5.3.6 ^j*-4l! 

<Jau^} jl^<^ ChU ~y^ AaIHI A,iialAll ^ .14^1 d^ ^Tburst 

.Caa^aII djd jIaaajI 

4 J^IaAA ^ A,&,^^A^ jl jLaaAA dJJ.,^All SV 

=yii 

b^ 4 ^^jaC' dj2 =y-j- 

, ^ ^ ajjSjll U^jC- ~ w s 

^ ^.i^14aa1I 4 jIjaaII ^ Sj^jIaII Jlxill £^lijjVl —wt 

, ^ 4 dAisJl A.^laAA 

.J|A4^I ^ djS jIaII ^Iau jUi —Wt,max 

b^ 4 A.a.1^) ^ja 4AA ~Wa 

jfxAl\ ^laLdl ^ JjLil! ^ UW ~\fpt 

IMPcI A/u/(|>, ^ ^ Jau^All pU^Vl ^jHa! 4-ij!J^a11 jI^VIj 

iasjAall cilJl ^ c j_.^-v =£ch 

/ JaaII dj2 J&Uj ^jIxa ^ (JaVI ziq 
.dpL4A^l ij^ojk^ JaI& =c|>/^ 
IVIPa 4^L4 aj^ AaaauVI iaLial) 41 jIjL^V A^jl^l ciL^I =0 
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CODE 


Apt = total area of prestressing reinforcement, mm- 

As = area of nonprestressed longitudinal tension reinforcement, 

mm^ 

As = area of compression reinforcement, mm^ 

Ajc = area of primary tension reinforcement in a corbel or 
bracket, mm^ 

Ase.N= effective cross-sectional area of anchor in tension, mm’ 
Ase.v= effective cross-sectional area of anchor in shear mm- 
Ash = total cross-sectional area of transverse reinforcement, 
including crossties, within spacing s and perpendicular to 
dimension be, mm^ 

Asi = total area of surface reinforcement at spacing si in 
the /-th layer crossing a strut, with reinforcement at 
an angle a/ to the axis of the strut, mm^ 

As.min - minimum area of flexural reinforcement, mm^ 

Ast = total area of nonprestressed longitudinal reinforcement 
including bars or steel shapes, and excluding prestressing 
reinforcement, mm’ 

Asx= area of steel shape, pipe, or tubing in a composite section, 
mm^ 

At = area of one leg of a closed stirrup, hoop, or tie 

resisting torsion within spacing s, mm- 

Aip = area of prestressing reinforcement in a tie, mm^ 

Air = total cross-sectional area of all transverse reinforcement 
within spacing s that crosses the potential plane of splitting 
through the reinforcement being developed, mm- 
Ats = area of nonprestressed reinforcement in a tie, mm^ 

Av = area of shear reinforcement within spacing s, mm^ 

Avd= total area of reinforcement in each group of diagonal bars 
in a diagonally reinforced coupling beam, mm- 
Atf= area of shear-friction reinforcement, mm- 

Avh = area of shear reinforcement parallel to flexural 

tension reinforcement within spacing s 2 , mm’ 

Av.min = minimum area of shear reinforcement within spacing s, 
mm^ 

Avc = projected concrete failure area of a single anchor or group 
of anchors, for calculation of strength in shear, mm^ 

Avco= projected concrete failure area of a single anchor, for 
calculation of strength in shear, if not limited by corner 
influences, spacing, or member thickness, mm^ 

Ai = loaded area for consideration of bearing strength, mm^ 

Ai = area of the lower base of the largest frustum of a pyramid, 
cone, or tapered wedge contained wholly within the support and 
having its upper base equal to the loaded area. The sides of the 
pyramid, cone, or tapered wedge shall be sloped one vertical to 
two horizontal, mm- 


COMMENTARY 
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CODE 


^ dJjA^^Al) 4^L4^V1 A^LuLaI) = 

^lAuuIL ia^L AJa^^Al) 

^ jI^^VI j AaiaC'Vlj u^5^Vl 4 ^U.ila^) = Ap<^ 

.^J-* 

^ (^JaaaaII •iJkll ^laLwuII ^.^Lwiia s A/7.9 

^ i^JjnyiiAl) jL^i^bU ^uluijll ^ASjj A^LwlaI) S j\pf 

,AXJ^^ ^ AmU A^LukA s A .9 

^ ( iaLJal) ^Auu ^.^Iaaa s A. 9 ' 

^ Cf^ •ImAJ A^Luia S A.9C 

,^jA ^ j^LaaaII ^ Jlxill ^^.JajaJ) ^IaAaII A.^L.aa sA.se,N 

^ ^ j^LaaII ^ Jlxill jxll ^iaiAll ^.^Iaaa s A. 9 ^,V 

iillj ^ Laj ( ^|_^j^j 9 lI 1 ^uiyiuU ^^^A^ajad) ^l^a-aU ^LulaI) =: Ash 
,^JA ^ i[)C Ujlil^AAllj CjliLuiAlj 

i-th ^ jip ^lAuuII ^JsaaI AASII ^LaaII =: A. 9 / 

,^jA ^ ijjiijll (^1 ai ^!j ^tAAil! ^ iSj^jll 

,^jA ^ i^LI^Vl ^^Aaaj A'^Laa Jii sAs,min 

JISaaIj ^jAuaHj ^jiall ^uLaaU AaKII ^LaaII =: A.9r 

,^jA ^ ^^JaauaI} Jl^-^bU ^ulwul) ^jAA^ajJ Vj 

,^JA ^ ^c^jaII ^IsLaII ^ U^^Vl ji ^, 1^1 Jli^Ai 4 ^Uaa = Asx 

f ^ajIIaI) tic (Jv^ -> 5 ^ ^^^IiLaI) CjUIH) ^ diA^lj (JUa 4.^Laa s At 

,^jA ^ ($ j&UaII j^u 

^ ^ tic ^^aaaaII ^ulfuull Ai^Iaaa s Atp 

$ JC'L^l J^Ij ^i^jAAajxll ^&Auull ^iaiAll AASJI ^IaaaI) = Atr 

,^JA ^ (^tAAull) J>i^ ^jLwull JaA^aI) ^j14AaI) ^AA^ 

,^JA ^ i tic •^^^bu ^lA 4 Aa 1 | 4^LaA = Ats 

,^jA ^ J&UaII QAk^ ^lA4aj 4^L4aa = Ay 

^uLaHI ^ ^IaII ^jA^ JS ^ ^&Aaa 11 AAill ^LaaI) =: Avd 

,^JA ^ (J^^aA^AI ( 3 ^LaI} LpifrUiftAl) 

^ ^uIaAJ A^IaAA = Avf 


,^jA ^ pU^I ^ljLaII ^jI,>a 1| (j^iJl ^laIau 4^Laa = Avh 

,^JA ^ 4§ .^L^l ^jAua ^lJauj ^aIaaa Jdi s Ay,/ 72 m 

^^^A^ j) •^Ij jLaaAA AiadUAl) ^UaJ^I JaaS Ai^LaAA S AVc 

,^JA ^ uIaa^ iA^A^V J^IaAA 

^^^A^ jl jlAfcAA AiadlAAll ^IaAJ^I Ja^ A^IaAA 5 AVCO 

.I&IaaII ji ^ ^jIIa caIaa^ ^A^a^V j^Laa 

,^JA ^ iftiAafrVl CjL^LaaA jl 


COMMENTARY 

J^l 
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CODE 


b = width of compression face of member, mm. 
be = cross-sectional dimension of member core measured to the 
outside edges of the transverse reinforcement composing area 
Ash, mm. 

bf= effective flange width of T section, mm. 

bo = perimeter of critical section for two-way shear in slabs and 

footings, mm. 

bs = width of strut, mm. 

bsiab = effective slab width resisting jfMsc, mm. 

bt = width of that part of cross section containing the closed 

stirrups resisting torsion, mm. 

bv = width of cross section at contact surface being investigated 
for horizontal shear, mm. 

bw = web width or diameter of circular section, mm. 
bi = dimension of the critical section bo measured in the 
direction of the span for which moments are determined, mm. 
b2 = dimension of the critical section bo measured in the 
direction perpendicular to bi, mm. 

Bn = nominal bearing strength, N 
Bu = factored bearing load, N 


liU ~ b 

QA ■''I Jxj = be 

iX —bf 

^ =: bo 

.j« isjjSjli (jijft = bs 
i Jlxill jxll = bsiab 

CjUlSlI ^ ~ bt 

4 f 

t .1 s bv 

i jl — bw 

^ ^jjxU dl^l ^ ^ =: bl 

4 hi ^ (jjiLLdl Jxj = b2 

4 4Ua4AjV1 Jja-V*4\| 

4 J.a^ = Bu 

c = distance from extreme compression fber to neutral axis, mm. 

cae = critical edge distance required to develop the basic strength 

as controlled by concrete breakout or bond of a post-installed 

anchor in tension in uncracked concrete without supplementary 

reinforcement to control splitting, mm. 

ca.max = maximum distance from center of an anchor shaft 

to the edge of concrete, mm. 

ca.mm = minimum distance from center of an anchor shaft to 
the edge of concrete, mm. 

Cal = distance from the center of an anchor shaft to the edge of 
concrete in one direction, in. If shear is applied to anchor, cai is 
taken in the direction of the applied shear. If tension is applied to 
the anchor, cai is the minimum edge distance. 


COMMENTARY 
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CODE 


Where anchors subject to shear are located in narrow sections of 
limited thickness, see 17.5.2.4 

Ca2 = distance from center of an anchor shaft to the edge 
of concrete in the direction perpendicular to cai, mm. 
cb = lesser of: (a) the distance from center of a bar or wire to 
nearest concrete surface, and (b) one-half the center-to-center 
spacing of bars or wires being developed, mm. 

Cc = clear cover of reinforcement, mm. 

cNa = projected distance from center of an anchor shaft 

on one side of the anchor required to develop the 

full bond strength of a single adhesive anchor, mm. 

ct = distance from the interior face of the column to the 

slab edge measured parallel to ci, but not exceeding ci, mm. 

Cl = dimension of rectangular or equivalent rectangular 
column, capital, or bracket measured in the direction of the span 
for which moments are being determined, mm. 

C2 = dimension of rectangular or equivalent rectangular 
column, capital, or bracket measured in the direction 
perpendicular to ci, mm. 

C = cross-sectional constant to defne torsional properties of slab 
and beam 

Cm = factor relating actual moment diagram to an equivalent 
uniform moment diagram 

, ^ ciUll Qa =: ^ 

^ lull) ^ jliAfULia 

, ^ ^ aa.4* A 

, ^ jIawiaII s Ca,max 

, ^ t 4JUujaJl jlAwiAi) jja-a j$ja (ja 4iLuiA Jfli = Ca,min 

, ^ 4 dl^l ^ jIawiaII s Cal 

IjI dl^l CSl 4jLaA.iMll 

Cdl (_3:uiaj ^ 

17.5.2.4 

dl-^l ^ jLaa.uaI| = Cal 

. ^ ‘ cal 

j 4 jl AiiLwMlI (j.a JfiVl —Cb 

, ^ i^^LuuVl ji jSjaII jSjaII (j.a ^ 


COMMENTARY 
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CODE 


, ^ i ^uluuU = cc 

jLomlaII (JA .1^1 j jLommII Cy* 4.3Luia1) ~ CNa 

, ^ AIaHII jajljlll Aj^^lixAll 

(;1 ^ ^1 J^^.4xU Cj^ ^LulaII = Qt 

. (“ ‘ cl V (jSJ i 

ji ^Ij ji JjialwiAll ji JjialwiAll ~ Cl 

^I^aII ^jiJj jl J^^Axl) ^Ij jl J^^AxU £^1 £a 1| JjiajAAAl) ji JjiajAAAl) .laj =c2 

. jiA i cl i^JjAxll sIajVI 

.sjAiilj (j^'I .^-vU ^JaiAll clulj = (J 

£^1£a1| -> ^1 ^*'^*''^ -'; (3^*aj JaIc = Q,„ 

d = distance from extreme compression fber to centroid 

of longitudinal tension reinforcement, mm. 

d' = distance from extreme compression fber to centroid 

of longitudinal compression reinforcement, mm. 

da= outside diameter of anchor or shaft diameter of 

headed stud, headed bolt, or hooked bolt, mm. 

dd = value substituted for da if an oversized anchor is used, mm. 

dagg = nominal maximum size of coarse aggregate, mm. 

db = nominal diameter of bar, wire, or prestressing 

strand, mm. 

dp= distance from extreme compression fber to centroid 

of prestressing reinforcement, mm. 

dpiie = diameter of pile at footing base, mm. 

D = effect of service dead load 

eh = distance from the inner surface of the shaft of a Jor L-bolt to 
the outer tip of the J- or L-bolt, mm. 


, ^ ^aLaj j^ja ^ ^LaaII = d 

, ^ 1 JaktAall ^uLaj J^ja ^ cil^l (ja ^UaaII = d' 

2 aSfc 4 jLaaaaII chIj 4 jia2 jLaaaaU jlaAll ~ da 

, ^ 4jLa4aa1| 

. ^ ^A^A4aa1| jIa^aaI) ilijlS Ul (}^ J AJaj14aa1) 2 Ajatl ^da* 

. ^ 4 ^JAAaJl jU jjAAuHS (_yAaSVI = dagg 

, ^ 4 ^3^aaaI) (1aI£ 4 iilLAll 4 ^laaaII ^jaaaVI — db 

, ^ 4 ^JaaaaII ^aLaj j^ja fakuall LiUIl ^ja ^IaaaI) = dp 

.(JaIaaVI iic Jjjll jl = dpiie 

_AjA4-v\t ~ D 

J tijlill u^l Jor L-bolt jj^ jiatAll ^a SitAAll = eh 

. j« ‘ L-bolt ji -J 


COMMENTARY 
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e’N= distance between resultant tension load on a group 
of anchors loaded in tension and the centroid of 
the group of anchors loaded in tension, in.; cn' is 
always positive 

e’v= distance between resultant shear load on a group of 
anchors loaded in shear in the same direction, and 
the centroid of the group of anchors loaded in shear 
in the same direction, in.; ev’ is always positive 
E = effect of horizontal and vertical earthquake-induced 
forces 

Ec= modulus of elasticity of concrete, MPa 
Ecb = modulus of elasticity of beam concrete, MPa 
Ecs = modulus of elasticity of slab concrete, MPa 
El = flexural stiffness of member, N-mm^ 

{Er)eff= effective flexural stiffness of member, N-mm^ 

Ep= modulus of elasticity of prestressing reinforcement,MPa 
Es= modulus of elasticity of reinforcement and structural steel, 
excluding prestressing reinforcement, 

MPa 

.lull) ^ ^ ^ 

Lajb ^ bn' '■■lA 

Lojb ev* ■ ^ dl^Vl 

JJVjh tSJ^b = E 

MPa 

MPa 44^LyUJ^| “ Ecb 

MPa i J^lx.a = Ecs 

N-mm^ ‘ ?Uaj5U = El 

N-mm^ ‘ jj/aa.h Sjlaill =(EI)eff 

MPa 4 JrfljLa =: Ep 

^cAwuIl 4 UuaIIj Ajjja JaIxa S Es 

MPa‘ 


COMMENTARY 
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fc = specifed compressive strength of concrete, MPa 


= square root of specifed compressive strength of 
concrete, MPa 

fci’ - specifed compressive strength of concrete at time of initial 
prestress, MPa 


= square root of specifed compressive strength of concrete 
at time of initial prestress, MPa 

fee = effective compressive strength of the concrete in a strut or a 
nodal zone, MPa 

fem = measured average compressive strength of concrete, MPa 
fet = measured average splitting tensile strength of lightweight 
concrete, MPa 

fd= stress due to unfactored dead load, at extreme fber of section 
where tensile stress is caused by externally applied loads, MPa 
fdc= decompression stress; stress in the prestressing 
reinforcement if stress is zero in the concrete at the same level as 
the centroid of the prestressing reinforcement, MPa 
fpc = compressive stress in concrete, after allowance for all 
prestress losses, at centroid of cross section resisting externally 
applied loads or at junction of web and flange where the centroid 
lies within the flange, MPa. In a composite member, fpc is the 
resultant compressive stress at centroid of composite section, or 
at junction of web and flange where the 

centroid lies within the flange, due to both prestress and moments 
resisted by precast member acting alone 
fpe = compressive stress in concrete due only to effective 
prestress forces, after allowance for all prestress losses, at 
extreme fber of section if tensile stress is caused by externally 
applied loads, MPa 

fps = stress in prestressing reinforcement at nominal flexural 
strength, MPa 

fpu = specifed tensile strength of prestressing reinforcement, MPa 
fpy = specifed yield strength of prestressing reinforcement, MPa 


//• = modulus of rupture of concrete, MPa 

fs = tensile stress in reinforcement at service loads, 

excluding prestressing reinforcement, MPa 

fs' = compressive stress in reinforcement under factored 

loads, excluding prestressing reinforcement, MPa 

fse= effective stress in prestressing reinforcement, after 

allowance for all prestress losses, MPa 

ft = extreme fber stress in the precompressed tension zone 

calculated at service loads using gross section properties after 

allowance of all prestress losses, MPa 

fita = specifed tensile strength of anchor steel, MPa 

fy= specifed yield strength for nonprestressed reinforcement, 

MPa 


COMMENTARY 
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fya = specifed yield strength of anchor steel, MPa 

fyt = specifed yield strength of transverse reinforcement, MPa 

F - effect of service lateral load due to fluids with welldefned 

pressures and maximum heights 

Fnn = nominal strength at face of a nodal zone, N 

Fns = nominal strength of a strut, N 

Fill = nominal strength of a tie, N 

Fun = factored force on the face of a node, N 

Fus = factored compressive force in a strut, N 

Fut = factored tensile force in a tie, N 

MPa 


MPa JaaLuall — 




i uiwjUaII ^ iaaLialj ^ fd* 

MPa 


jL^VI uibuLlftlj ^ j.1^1 

MPa ‘ 


MPa ^ A^iala jl dj^^l ialLJall ~ fee 

MPa (. ioudjld — Jem 

MPa ^ UJ-^^ 4_bulLftlj ^jlLa Jax^jiLa -fet 


i A^JxaI) JLa^VI >1^) 


jL^ jA ^ :JflLJa!iU) >^1^1 —fdc 

MPa i ^uiuulll ^ jIuaaI) ^ ^ 

i jI^VI Jxj 4 ^Luuj^l ^ JaLJall >^1^1 ~fpc 

LlaJj AAa^I .ll& ji AJ^ixAl) JLa^VI j£ja1| ^ 

^ .MPa ^ ^4*^^ AiAl) ^ j£jaI 1 Aaioud^lj 

AiAlj ji 4 C^jaI| ^IsLaII j$j-» JaL^I ^ fpc UJ% 

^jlLa Iaa iUlxJl AAa^I ^ jSjaII AaisA^^lj UlaJl 

^Jja.u.aI) jA^IxI) AJowd}^ ^ 

4 4 -ua^ ^ >^1^1 ~fpe 

.llfr 4 tijjlilll 

JVIP^ i JLa^^I ^jia A4^I 


IMPd AaAbuVl .ilfr C5^ ~ fp^ 

MPa ^ jI^VI ^ulyiu ^ AwJl ^jHa —fpu 

MPa ^ Jl^Vl ^ ~ fpy 

MPa ‘ J^U-a — fr 

^_^iA.AAll fUjlullj4A^.l^l JLa^VI ^ A4^I ^ f^ 

MPa ‘ 


COMMENTARY 
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^UjIuL JLt^VI Aic ^lAulUI ^ ~fi' 

MPa ‘ 

JSijS ^ iJjjUm Jxj 1 i^ijMl\ jl^VI "* ^ Jlnill Jl^VI —fse 

MPa ‘ 

JLa^VI ^ "-^ --'I ioLual] La Alkla ^ ciU^I — ft 

JSijS ilijUm Jaj jjt^yil\ ^laLall .1 \-v*.,il^i 

MPa ‘ 

MPa ^ A^JxaII j^LuiaII — f Ufa 

jVIPa ^ ^aLauI —fy 

MPa ^ A^Jx-all j^LaaU Aji^fLa — fya 

MPa ‘ ij^ ^uLaH ^jUa —fyt 

wclldcfncd ^ a^I^I JLa^VI — F 

.(ija^aill iJjlftlijjVlj, 

^ i aJ^I Aiiala A^j ^ AaauVI ^jUaII = Fnn 

N AaaaaVI ^jI^aI) =: Fns 

^ i JIAaa ^ AaaaaVI Aa^IAaII — Fnt 

N ‘ SjSxII Aa.j Ijk- jAsill J^\ = Fun 

N ‘ jAaill iaLiall jS = Fus 

N ‘ JIAa ^ = Fut 

h = overall thickness, height, or depth of member, mm. 

ha = thickness of member in which an anchor is located, 

measured parallel to anchor axis, mm. 

hef = effective embedment depth of anchor, mm. 

hsx = story height for story x, mm. 

hu = laterally unsupported height at extreme compression fber of 

wall or wall pier, mm., equivalent to {u for compression members 

hv = depth of shear head cross section, mm. 

hw = height of entire wall from base to top, or clear 

height of wall segment or wall pier considered, mm. 

hx = maximum center-to-center spacing of longitudinal 

bars laterally supported by corners of crossties or 

hoop legs around the perimeter of the column, mm. 

H = effect of service load due to lateral earth pressure, 
ground water pressure, or pressure of bulk materials, N 


COMMENTARY 
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, ^ 4 jl ^lijjVljl = h 

, ^ i jIaiUIaII AjjI^ ijlAiUlAlj ^Su iilAiyU = /fa 

, ^ 4 jLawIaU Jlxill S ]lgj- 

. jM ‘ X £.LSjj1 = hsx 

j) iajLuall cil^l ll& ^lijjVl = hu 

.iaLJall ji^UxI {ii JjIaj U 4 , ^ 4 ^lj.1^1 

. ^ 4 jiaiill shearhead - hv 

jt^^j f ^lijjVl ji i A_a^) d^lAl) Qa jli^l = hw 

, ^ 4 djuii..all jl.i^l dj^j jl 

A^L^l jjl£^ ^ulwuU j£jaI1 ^1 jSjaII Qa ^^^aaa s 

, ^ 4 A.i£& jl oLSjl 

ji 4 dL^I hau^ 4 JIa^VI — H 

4 ^LuJ} hau^ 

I = moment of inertia of section about centroidal axis, mm"^ 

Ib = moment of inertia of gross section of beam about 
centroidal axis, mm"* 

Icr = moment of inertia of cracked section transformed to 
concrete, mm'* 

Ie= effective moment of inertia for calculation of deflection, mm'* 

Ig= moment of inertia of gross concrete section about 
centroidal axis, neglecting reinforcement, mm'* 
h= moment of inertia of gross section of slab about centroidal 
axis, mm'* 

he = moment of inertia of reinforcement about centroidal 
axis of member cross section, mm'* 
hx = moment of inertia of structural steel shape, pipe, or 
tubing about centroidal axis of composite member 
cross section, mm'* 

mm'* ‘ ill f>Je = I 

mm'*/er ‘ dj^ 9>«ill jlaLdl f>Je = Ih 

nim'* ^ — 

mm'* ^ djA^l Jlx^j = /g 

lW:!J jja^l Jja. 4jLuijiil jiaiall ^lill j»je = Ig 

nim'* ^ 

mm'* ‘ Jja. JJaiUl jJaiall ^lill JJ-^I f>jft = h 

^laLdl j4^a,' ^ jS jaII jja^l ^uluiUU ^IaII = J^e 

4 

mm 

ji ji J£L^I Jl.£.uV = Isx 

IXim'* >»ll ij^ J*dl ^JaLdl jS jaII jja^l 


COMMENTARY 
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k = effective length factor for compression members 

kc= coeffcient for basic concrete breakout strength in tension 

kcp = coeffcient for pryout strength 

kf= concrete strength factor 

kn= confnement effectiveness factor 

Ktr = transverse reinforcement index, mm. 


.lakJall Jlxill Jjlall = k 

..iwilj =: kc 


pryout = kcp 


d.al&,a ~ kf 
confnement = kn 


{ = span length of beam or one-way slab; clear projection of 
cantilever, mm. 

€a= additional embedment length beyond centerline of 
support or point of inflection, mm. 

{c = length of compression member, measured centerto-center of 
the joints, mm. 

{d= development length in tension of deformed bar, 
deformed wire, plain and deformed welded wire 
reinforcement, or pretensioned strand, mm. 

{dc = development length in compression of deformed 
bars and deformed wire, mm. 

{db = debonded length of prestressed reinforcement at 
end of member, mm. 

{dh = development length in tension of deformed bar or 
deformed wire with a standard hook, measured 
from outside end of hook, point of tangency, toward 
critical section, mm. 

€dt = development length in tension of headed deformed 
bar, measured from the bearing face of the head 
toward the critical section, mm. 

£e = load bearing length of anchor for shear, mm. 

£exi = straight extension at the end of a standard hook, mm. 
in= length of clear span measured face-to-face of 
supports, mm. 

€o= length, measured from joint face along axis of 
member, over which special transverse reinforcement must be 
provided, mm. 

{sc = compression lap splice length, mm. 

{st = tension lap splice length, mm. 




25 


CODE 


{t = span of member under load test, taken as the shorter 
span for two-way slab systems, mm. Span is the 
lesser of: (a) distance between centers of supports, and (b) clear 
distance between supports plus thickness h of member. Span for 
a cantilever shall be taken as twice the distance from face of 
support to cantilever end 

€tr = transfer length of prestressed reinforcement, mm. 

£u = unsupported length of column or wall, mm. 

(v= length of shearhead arm from centroid of concentrated load 
or reaction, mm. 

{w= length of entire wall, or length of wall segment or 
wall pier considered in direction of shear force, mm. 

€\ = length of span in direction that moments are being 
determined, measured center-to-center of supports, mm. 

€2 = length of span in direction perpendicular to { 1 , 
measured center-to-center of supports, mm. 

L = effect of service live load 
Lr = effect of service roof live load 

‘ Clilj ji t Jjla = ( 

■ r 

, ^ ^ ^ iaxuall ~ fc 

td 

, ^ 4 aIp Jajijilll (Jjia = €db 

4 ^ 4 ^ i--lAJjia = £fih 

, ^ 4 4 ^LoiU) aJsIj ^jl^l c^L^l AjI^ ^ 

€dt 

, ^ 4 4 ^ 1 ^^ 

, ^ 4 jLamiaII AJ^^a^ ^ £e 

, ^ 4 AjMdUfi A.ilC' ^ ^kjiluiAll = £gxt 

, ^ 4 jjl£jU A^jil 0 ^ Jjia s £fi 

Jjjj 4jA^IxIl d .^^1 A^j QA AamHa 4 Jjiall s io 

, ^ 4 ^ulwull 

, ^ 4 iax^l ^ lajljjl! Jjia = isc 
. ^ 4 JaaII ^ iaj|jlll Jjia = {st 

AJaM^j A.Ai^V Jfii Ajj <■ j-L^Wtt Jj]a — 

4 ^UaaII \ijA Jfii i dl^Vl A^Uj 

^Iawj ^LJaVlj (j^ A^Ia^I ^LmiaII j 

A.^j ^LwiaII 


COMMENTARY 
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CODE 

. ‘ Jjla = (u 

. ^ »Jj ji js>» (> shearhead £'jj = tv 

^ %jxixall 3 Jj£j ji jIJ^I ^laLa Jjia ji t Al>£lj jlJ^I Jjia = fw 

, ^ djfi dL^l 

jS jA ^ t J.1^ aL^l ^ j^l Jjia = fi 

. ^ i ^LS^1 

lj\\ jSj^ ^ ‘ tl sUjVI jaJl Jjla = (2 

. j« ‘ 

,_^1 J^aJl j^b = 

.t Mj,ji!l\ J-a^l J^b = l,r 

Ma= maximum moment in member due to service loads at stage 
deflection is calculated, N.mm 

Mc= factored moment amplifed for the effects of member 
curvature used for design of compression member, N.mm 
Mcr= cracking moment, N.mm 

Mere = moment causing flexural cracking at section due to 
externally applied loads, N.mm 

Mmax = maximum factored moment at section due to externally 
applied loads, N.mm 

Mil- nominal flexural strength at section, N.mm 

Mnb - nominal flexural strength of beam including slab where in 

tension, framing into joint, N.mm 

Mnc = nominal flexural strength of column framing into 

joint, calculated for factored axial force, consistent with the 

direction of lateral forces considered, 

resulting in lowest flexural strength, N.mm 

Mo= total factored static moment, N.mm 

Mp= required plastic moment strength of shearhead 

cross section, N.mm 

Mpr= probable flexural strength of members, with or 

without axial load, determined using the properties of the 

member at joint faces assuming a tensile 

stress in the longitudinal bars of at least 1.25/v and 

a strength reduction factor cj) of 1.0, N.mm 

Msa = maximum moment in wall due to service loads, 

excluding PA effects, N.mm 

Msc = factored slab moment that is resisted by the column 
at a joint, N.mm 

Mii= factored moment at section, N.mm 

Mua = moment at midheight of wall due to factored lateral 

and eccentric vertical loads, not including PA effects, N.mm 

Mv= moment resistance contributed by shearhead reinforcement, 

N.mm 


Lf^\ 

jSj- 
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Ml = lesser factored end moment on a compression member, 
N.mm 

M\ns = factored end moment on a compression member at 
the end at which Mi acts, due to loads that cause no appreciable 
sidesway, calculated using a frst-order 
elastic frame analysis, N.mm 

Mij = factored end moment on compression member at 
the end at which Mi acts, due to loads that cause 
appreciable sidesway, calculated using a frst-order 
elastic frame analysis, N.mm 

Ml = greater factored end moment on a compression 

member. If transverse loading occurs between supports. Mi is 

taken as the largest moment occurring in member. Value of Mi is 

always positive,N.mm 

Ml,min = minimum value of Mi, N.mm 

Mins = factored end moment on compression member at 

the end at which Mi acts, due to loads that cause no appreciable 

sidesway, calculated using a frst-order 

elastic frame analysis, N.mm 

Mis = factored end moment on compression member at 
the end at which Mi acts, due to loads that cause appreciable 
sidesway, calculated using a frst-order elastic frame analysis, 
N.mm 


N.mm 

‘''' ^ ,1 a'1 '.-v = Me 

N.mm ‘ 


N.mm ‘ fje = Mcr 

^ ^ ‘=: Mere 

N.mm ‘ VtJa a ' i 

1 ^ — Mmax 

N.mm 

N.mm ‘ jlaiAll ^ ^LlajVI 4-ajtLa =: Mn 

jUaVI ^ i ^ ^jtl« = Mnb 

N.mm ‘ 

Sjill ‘ jUaVI ^ = Mne 

Lu 4 djjj&Al) 41 jm1-v1i ^ Lu 4 5.Vii4/aA\l 

N.mm 4?Uaji Jal 
N.mm ‘ 4:jjl^l = Mo 

N.mm ‘ jJakall shearheadJ SjjUi 5.^jLi« = Mp 


COMMENTARY 
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CODE 

^ ^4^^ ji ^ (J.^U9lU AIaj^aII fU^Vl ^jIIa = Jj^pr 

^ l 4 ^) >^14^1 Q^ljIlSb jixl) ^jl 45^ j^WU 

N.mm ‘ 1.0 (|) CijliiJl (jijiij j 1.25/^ (> J 2 I ^u*jiVl 

‘PA ^Ljjlub 1 JLa^VI jl.^1 — Msa 

N.irnn 

N.mm ^ jll .^»,</a.a'l = Msc 

N.mm ‘ jiaiaJi j*,^l fijfcll = Mu 

A^ijil JLft^Vlj ^^<*i-v\t t ^ — Mua 

N.mm ‘PA ^UjImjIj & ^j£jaI1 j^I 

N.mm ‘shearhead Cijliall ^ije = Mv 

N.mm ‘ jiuaifr Ajfr ,i»j.^ — Ml 

‘ Ml I 4 J Jjij Cl^l ^ i».bbl j*.<ajft J*.^ j»jft = Mins 
^jaUI JjI&Ilij *1 ‘A*;..iij 4 ^IjVI JLft^Vl 

N.mm ‘ jUabU (^jVl ^jaII (> 

‘ Ml (. 9^1 Ja&bbI j-^'^ aIc .l»j/a.a = Mis 

4^ (jaIII ^Ia^jajjL a-■v i ^IJVl JIa^VI 

N.mm ‘ jdabU ^jVl AajjJI 

ijM ,_,bajjbl Jj A-v'd i^.A^ Ij| ,iaLbbl jj.^jC’ aIc ^ — M2 

Axa^ Lftjb M2 a.a^ ^ j^i ]V[2 ^ (jjlSjil 

N.mm ‘^>« 

N.mm ,M2 J Ji' =M 2 ,min 

‘ M2 I 4 J Jjij Cl^l ^ A^e 2xj^ = Mins 

(jaUI ^Ia^IujL a^<j..i-v A\t 4 SjAA^lj ^IjVl ^A& ‘ C9^^ JLa^VI 

N.mm ‘ jUabU (^jVl ^jaII (> 

‘ M2 Cl^l Jaxubl J^ift Aic A*.!.^ = Af 2 s 

4^ (jAIII ^jA^jMjL i djAAAl) ^IJVl JLft^VI 

N.mm ‘ jdabU ^jVl a^jaJI 


n = number of items, such as, bars, wires, monostrand 

anchorage devices, anchors, or shearhead arms 

ne = number of longitudinal bars around the perimeter of 

a column core with rectilinear hoops that are laterally supported 

by the corner of hoops or by seismic 

hooks. A bundle of bars is counted as a single bar 

Na = nominal bond strength in tension of a single adhesive 

anchor, N 

Nag = nominal bond strength in tension of a group of 
adhesive anchors, N 

Nb = basic concrete breakout strength in tension of a 
single anchor in cracked concrete, N 
Nba = basic bond strength in tension of a single adhesive 
anchor, N 


COMMENTARY 
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Nc = resultant tensile force acting on the portion of the 
concrete cross section that is subjected to tensile 
stresses due to the combined effects of service 
loads and effective prestress, N 

Neb = nominal concrete breakout strength in tension of a 
single anchor, N 

Ncbg = nominal concrete breakout strength in tension of a 
group of anchors, N 

Nep = basic concrete pryout strength of a single anchor, N 
Nepg = basic concrete pryout strength of a group of 
anchors, N 

Nn = nominal strength in tension, N 

Np = pullout strength in tension of a single anchor in 

cracked concrete, N 

Npn = nominal pullout strength in tension of a single 
anchor, N 

Nsa = nominal strength of a single anchor or individual 
anchor in a group of anchors in tension as governed 
by the steel strength, N 

Nsb = side-face blowout strength of a single anchor, N 

Nsbg = side-face blowout strength of a group of anchors, N 
Nu = factored axial force normal to cross section occurring 
simultaneously with Vu or Tu, to be taken as 
positive for compression and negative for tension,N 
Nim = factored tensile force applied to anchor or individual 
anchor in a group of anchors, N 

Nim.g = total factored tensile force applied to anchor group,N 

Nuaj= factored tensile force applied to most highly 

stressed anchor in a group of anchors, N 

Nua.s = factored sustained tension load, N 

Nuc = factored horizontal tensile force applied at top of 

bracket or corbel acting simultaneously with Vu, to 

be taken as positive for tension, N 







^ ^ AuaujVI = Nag 


^ jLiuiaI ^ = Nb 


N ‘ 
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CODE 

^ jIawiaI ^ A^LuiVI Jajljjll dji =: TV^a 

^Lyuj^l ^Iai.4 ijM jjIj A.^Ull jAII dj2 = Afc 

jajLiiallj JL 4 &VI CjIj^UI} ^ 7 *-;-^-^^ • 1^1 •^^^V 

N i 

^ ( •A^lj jIawiaI aJJI ^ ^Ludj^U AoawiVI dji s 

^ ( j^LuiaII luA\ ^ ^La.u^)&II Aa.AA.uVl ^Ija^Vl dji s Ncbg 

^ 4 •^Ij jLaa.u.41 AjIa.uj^I] AaAujl.A.uVl pry out s Ncp 

^ 4 j^IaaaII A.e:.^^-^J^\ ^L4aij^11 A^IaaiVI pryOUt ~ ^cpg 

^ 4 Ja^I ^ Aa.aAMuVl d^_^l s TVn 

^ 4Ail4alall ^Lbuj^l ^ .l^lj jLawmI JaIII ^ ul^AAuVl dj 2 := ^p 

^ 4 i&lj jljuMJil hjiil] ^ Aa.4A.uVl ujIt^aJVI dji s iVpn 

^ j^lAa.4ll ^ A£>^a^a ^ J^lwM jIawm jl .A^lj jLoAaal Aa.4AaVl s ^sa 

^ 4 IaS Jaa^I 

^ 4 .l^lj jLaaaaI A^jII ^^L^l jI^LjVI djA s Nsb 

^ 4 j^LaaaII A^^ jl^iuVl dji = Nsbg 

^Ij ^ Aajljijl S.ia„waA\l Aaj,^^^All djill s Nu 

^ ^ luill ^Lu j j*!* U jl^l i Tu ji Vu ^ 

^ ^ JiluM jIaa^ ji .l^lj jLaA.a A^jixoll s = A^ua 

^ iJJi 

^ i (ja A£-^^a^a>1 A^jixAlj AalSlI ~Nua,g 

^ ^ jLauiaU S.^a^/aAll dji —Nua,i 

^ —Mua s 

^ J.AJ (jjU-^l) ji i_^\ ^ sJiLti^l 4^VI -1^1 = Nuc 

t .1*^11 Aa>^ 1^1 4 Vu ^ 

pcp = outside perimeter of concrete cross section, in. 
ph = perimeter of centerline of outermost closed transverse 
torsional reinforcement, in. 

Pc = critical buckling load, N 

Pn = nominal axial compressive strength of member, N 
Pn,max = maximum nominal axial compressive strength of a 
member, N 

Pnt = nominal axial tensile strength of member, N 

Pnt.max= maximum nominal axial tensile strength of member,N 

Po = nominal axial strength at zero eccentricity, N 

Ppu = factored prestressing force at anchorage device, N 

Ps= unfactored axial load at the design, midheight 

section including effects of self-weight, N 

Pu = factored axial force; to be taken as positive for 

compression and negative for tension, N 

PA = secondary moment due to lateral deflection, N.mm 


COMMENTARY 
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, ^ iao^All s pcp 

^ 14^1 ^uluij Jj.1^ j£jaI) Ja^ s pji 

N ‘ ^lai^Vl = Pc 
^ ' j—***^^ 4u.aA.uVl 4ujj^ull JaLi^l djfi s Pn 
^ 4uua.uV 1 ^jj^ull Ja&Jall ^jlLa ^Pn,max 

^ ( jA^IxU 4u.^Vl .14^1 dji s Pfii 

N ‘ jja-ol! kx * > i \\ Sja = Pnt,max 

^ i 4uj£ju^l aIp AuawjVI = Pq 

^ ( j^IaaoII J^^ S^la^aII ^^Mall jL^VI dja — Ppu 
^ Loj ^lijjVl ^ ^^''<*--* ( .\m^A ^j^^^aII J.a^l S Ps 

N ‘ i>l^» ujjil 

4i^La.u j ^*^-^11 L^l ( d±u.^.all 4 ^j^a 11 dja = Pu 

N ‘ 

N.mm ‘ SjAAull Lj^ = p\ 

qou = factored dead load per unit area, N/m^ 
qiu = factored live load per unit area, N/m^ 
qu = factored load per unit area, N/m^ 

Q = stability index for a story 


^/ni^ i ^Lul. JSJ jiL«^All = qou 

N/m^ ‘ ^Iaaa J&l jxaoaII Ja^I = qi^ii 
^/ni^ i 4 ,^Laa dii^j (Jsl .vii^aII JaUI = qii 
■jj-lll jIjSjauVI J*ijA = Q 

r = radius of gyration of cross section, in. 

R = cumulative load effect of service rain load 


jxll jJaiAll ^ (jljjJll jlaS I. = r 
,jIsiaU JaUI jlll JaUI j^b = R 

s = center-to-center spacing of items, such as longitudinal 
reinforcement, transverse reinforcement, tendons, or anchors, 
mm. 

Si = center-to-center spacing of reinforcement in the i-th 
direction adjacent to the surface of the member, in. 

So = center-to-center spacing of transverse reinforcement within 
the length {o, mm. 

sj = sample standard deviation, MPa 

sw= clear distance between adjacent webs, mm. 

s 2 = center-to-center spacing of longitudinal shear or torsional 

reinforcement, mm. 
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S = effect of service snow load 

Se= moment, shear, or axial force at connection corresponding to 
development of probable strength at intended yield locations, 
based on the governing mechanism of inelastic lateral 
deformation, considering both gravity and earthquake effects 
Snt= elastic section modulus, mm^ 

Sn= nominal moment, shear, axial, torsional, or bearing strength 
Sy= yield strength of connection, based on fy of the connected 
part, for moment, shear, or axial force, MPa 

4 JLa 4 (ja 4taL4444ftll =: s 

, ^ 4 J^L4.tLAll 4 jljjVl 4 

i-th jSjaII (ja 4,3L444a1| =: Si 

, ^ io ^J.t444'4t\ jSjSJ aII (^a 4t2L4444ftll = So 

MPa ‘ LiljajVl = ss 

. ^ 4 Qm ASLaaiaII sz sw 

4^1jil'ill ji ^■j.Ua'iU jS jaII ijW jS jaII ijA ^LaaII = s2 

Ja^I — S 

AIaHaaII sjaII jjjlaH JjIAaII 4 ^ Ajjj^ jI 4 jl 4 = Se 

Jjxll ijUlAAll 4 tJjAdAAll ^IjA 

JJ'iljllj 4 Ij1 j^Ij (JA its jLiftill jiVI JA 4 Oja 

mm^ 4 jiaAAll JjjjA JaIxa = Sm 
.AaaaaVI Jaas^I jI 4 4 Ajjj&aII i^jaII 4 4_ajlAA = Sn 

4 ^jaU 4 J‘aa*4a\i IjUIaaI 4 fjA ^jIaa = ^y 

MPa ‘ CjjaAll sjaII j\ 4 (_>flAll 

t = wall thickness of hollow section, mm. 
tf~ thickness of flange, mm. 

T = cumulative effects of service temperature, creep, 
shrinkage, differential settlement, and shrinkagecompensating 
concrete 

Tcr= cracking torsional moment, N.mm 

Tt = total test load, N 

Tth = threshold torsional moment, N.mm 

Tn= nominal torsional moment strength, N.mm 

Tu= factored torsional moment at section, N.mm 

. ^ 4Li,5^-4ll ^JaAAll jIA^I iilAAA zz f 
, ^ 4 IaIaII 4,A4^) 4,SIa4A S 

4 4JaIaSjVI 4 L.^^1 4 Aja4-v\1 djlj^ AiJASljAil 4l4lj^lAil = Y 

.^jaIa^j!^ A^UjaVi J 441 jjLa1a1) 

N.mm ‘ <jAA4aj 11 (iljUVI j»je = Ter 
N 4 yfSll jUSiVI d^ = Tt 
N.mm ‘ f'ljjWl j»jft = Tth 

N.mm ‘ ^aa4aV1 (iIjaIVI j»jft AajLaa = Jn 
N.mm 42JaAAll jA.4AaAll = Tu 
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li* 


vc = stress corresponding to nominal two-way shear strength 
provided by concrete, MPa 

vn = equivalent concrete stress corresponding to nominal 

two-way shear strength of slab or footing, MPa 

vj = equivalent concrete stress corresponding to nominal 

two-way shear strength provided by reinforcement, MPa 

vu = maximum factored two-way shear stress calculated 

around the perimeter of a given critical section, MPa 

Vug = factored shear stress on the slab critical section for two-way 

action due to gravity loads without moment transfer, MPa 

Vb = basic concrete breakout strength in shear of a single 

anchor in cracked concrete, N 

Vc= nominal shear strength provided by concrete, N 

Vcb = nominal concrete breakout strength in shear of a single 

anchor, N 

Vcbg = nominal concrete breakout strength in shear of a group of 
anchors, N 

Vci = nominal shear strength provided by concrete where 
diagonal cracking results from combined shear and moment,N 
Vcp = nominal concrete pryout strength of a single anchor, N 
Vcpg = nominal concrete pryout strength of a group of anchors, N 
Vcw = nominal shear strength provided by concrete where 
diagonal cracking results from high principal tensile stress in 
web, N 

Vd= shear force at section due to unfactored dead load, N 
Ve = design shear force for load combinations including 
earthquake effects, N 

Vi = factored shear force at section due to externally applied 

loads occurring simultaneously with Mmax, N 

Vn= nominal shear strength, N 

Vnh = nominal horizontal shear strength, N 

Vp= vertical component of effective prestress force at section, N 

Vs= nominal shear strength provided by shear reinforcement,N 

Vsa = nominal shear strength of a single anchor or individual 

anchor in a group of anchors as governed by the steel strength, 

N, 

Vu = factored shear force at section, N 

Vua = factored shear force applied to a single anchor or group of 
anchors, N 

Vua.g = total factored shear force applied to anchor group, N 
Vua,i= factored shear force applied to most highly stressed 
anchor in a group of anchors, N 

Vuh = factored shear force along contact surface in composite 

concrete flexural member, N 

Vus = factored horizontal shear in a story, N 
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MPa ^ jL^bU ^Lwddj£ = \fc 

i CjLujIa^VIj ^ ^j^lU ^LaaII Jl^bU ^Lyuj^l dj2 = v„ 

MPa 

^ i ^ ^LaaII Jl^bU ^ulwu^l dj£ = v^ 

i ^laLoI) ^ (j^ ~ Vu 

MPa 

uuau 4Ja^LU ^-Ua^U —Vug 

MPa ‘ Jliiji QjJ A^ijll JUa^STI 

AJU.uj^l ^ •^Ij jLamiaI ^ AjIauj^II A^IauVI A^jli-a = Yb 

^ i A-aV.*'‘4^\l 

^ i AaAudVl AjIauj^I A.«ajl&<a = Yc 

^ (•^ij jLauiaI (j^ii) ^ ^Iauj^h auawiVi ^jii^ s Vcb 

i j^LwiaII ^ ^U.u^)&II Aaa4.uV) ^IjIl^Vl ^jlla s Ycbg 

N 

iilljlul ijA ^Ul) ^jiaill IajjI AaaujVI ^Lyuj^l ^jHa = Vci 

N ‘ (»j*^'j Cm 
^ i •^Ij jIauiaI pryout J AuawjVI ^Luj^I = Vcp 

^ i j^LaaII A.c.^ji-^A pi*yout J AaauuVI ^jIIa = Ycpg 

£^lijjl (jA ^Ull ^jia^l LaLI AaauuVI ^Luuj^I = Yew 

^ i AdiflAA^I A^Aa!) Ai^l 

^ 4 A^.i^l Aa^I <i-U4AJ ^ djd = Vd 

N ^ ^ JIa^VI AuAJAA^illj dj2 = Ye 

<t att^^tt JLa^VI ^iaiA^I ^ Sjxa^aI) dj2 =: Yi 

N ‘ j»JJ& ^ 

N ‘ AaaajVI o^iil Sjfl = Yn 
N ‘ AaaajVI A^Sfl “ Vnh 

^ 4 ^ Jlxill (jf4AAll jI^VI i ^\jll jaaIxII = Yp 

^ 4 aaaauVi ^jI^a!) = yi; 

^JA ^ JAJaA4 jLa4A4 j\ d.l&lj jLaaAoJ AaAaaVI dj^ S Vsa 

4 ^ 4 ^jlLa La£ j^UaaII 

^ 4 ^jalAll ^ d^iAdAll dj2 = Yu 
^ A£,jAyA jl d.i^lj jIaaia (3^ d.^9U.^All djA = Yiia 

^ 4 J^UaaII 

^ 4 J^UaaII ^,yA^ (3^^ AaKII d±L<^Al) dj^ —Viia,g 

^ jLaaaaU ^Ixll Jl^Vl ^iaxA (3^iaj d^u^All dj2 =Vua,i 

^ 4 J^UaaII A&^^A^A 

4 ^Iauj^I c^jaII ja^jlU ^jAa^UIl ^Aui Jjia Sjaa^aII djfi s Vuh 

N 

N i(_jjUall ^ oail' »j2 = Vus 

We = density, unit weight, of normalweight concrete or 
equilibrium density of lightweight concrete, N/m3 
wii = factored load per unit length of beam or one-way 
slab, N/in. 

w/cOT = water-cementitious material ratio 
W = effect of wind load 


(jJljjll jl (jjjll CjU 4jLjijilt ijA i oJj^' ‘ = Wc 

N / ‘ oJj^' Ai^ SjLuijail 

N/in ,'^lj 31^1 i_fi 4ja!it4l j\ i j.«£U Jjla Jll J.a^l = m’,, 

A^llAujVI-A^Lftll —wlcffl 

^bjll JJjij — W 
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X = shorter overall dimension of rectangular part of cross section, 
mm 

y = longer overall dimension of rectangular part of cross section, 
mm 

yt = distance from centroidal axis of gross section, neglecting 
reinforcement, to tension face, mm. 


^4^1 JLoAl ,45^1 Qji A^LuLAlj s yf 

■ ‘ 

a = angle defning the orientation of reinforcement 

Oc = coeffcient defning the relative contribution of concrete 

strength to nominal wall shear strength 

af~ ratio of flexural stiffness of beam section to flexural stiffness 
of a width of slab bounded laterally by centerlines of adjacent 
panels, if any, on each side of the beam 

afm = average value of a/for all beams on edges of a panel 
a/i = a/in direction of ti 
a /2 = a/in direction of ti 

ai = angle between the axis of a strut and the bars in the 

!-th layer of reinforcement crossing that strut 

Os = constant used to calculate Vc in slabs and footings 

ay = ratio of flexural stiffness of shearhead arm to that of 

the surrounding composite slab section 

ai = orientation of distributed reinforcement in a strut 

ai = orientation of reinforcement orthogonal to ai in a strut 


dl^V ^^0 — d 

AuamiVI d.alx.a =; dc 

Isjljldl <U.uu = df 

ciljlai ijiC’ tillj,>£ll df J 4.>^l = dfm 

ti a/ = a/i 

(2 a/ = a /2 

.5jll ^laLa g-jiLnli ijA ^ ^LuiVlj jll ijH —(ti 

tliUa^Ul ^ Yc ‘ tlul^l —ds 

.3,^jaII 3Ja5Lll ^JaLa Ja^ia^ ^^\ shearhead £.1 ^UalVI S^Lui^ 4j.»jij =dv 

, jjl£jll ^ g-jiLuTill aLall =(xi 

,aj^jll ^ (xl .LalxLdl ^AjiTill aLall =d2 


COMMENTARY 
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P = ratio of long to short dimensions; clear spans for 
two-way slabs, sides of column, concentrated load 
or reaction area; or sides of a footing 
P* = ratio of area of reinforcement cut off to total area of 
tension reinforcement at section 

P^/nt = ratio used to account for reduction of stiffness of 
columns due to sustained axial loads 

Pi/s = the ratio of maximum factored sustained shear within a 
story to the maximum factored shear in that story associated with 
the same load combination 

Pn = factor used to account for the effect of the anchorage 
of ties on the effective compressive strength of a nodal zone 
Pj = factor used to account for the effect of cracking and 
confning reinforcement on the effective compressive strength of 
the concrete in a strut 

Pf = ratio of torsional stiffness of edge beam section to 
flexural stiffness of a width of slab equal to span length of beam, 
center-to-center of supports 

Pi = factor relating depth of equivalent rectangular compressive 
stress block to depth of neutral axis 


i Cj|j jUjSII =p 

JLtxSh uLuixf i aUaauII —^dns 

,dJ«aluLAll 

Ajaau =pjs 

‘ ‘'ft* ^ 

Aiialal laxiiah JIAa^ j^b uLaaxJ . <-v*. J,alx,a —fin 

j ^JXa^) uIaaaxJ a ■ aj jAslXia ^p^ 

^ Jbiih I*<« 

S^LalX Iji) 9Ja>£1| S^IaaaX =P; 

^ jS^,*1! jS jaI! (ja ti jaoSII ^jLaaaaI) 

aII ^ja& JaXA^I aUj£] JjIsIaaaaII 3'axj ~Pl 

.iIiIxaaII 


y/= factor used to determine the fraction of Msc transferred by 

slab flexure at slab-column connections 

Yp = factor used for type of prestressing reinforcement 

js = factor used to determine the portion of reinforcement located 

in center band of footing 

jv = factor used to determine the fraction of Msc transferred by 
eccentricity of shear at slab-column connections 


COMMENTARY 
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Aiauiljj Jlu yVfsc 0^ ^ JjiAaJll . <-v*. ,ij J^U.^ =yy 

(3^1x4 =y^ 

,^LwjVI J^J>4 (JUxj ^ P jx JaIxa sy^ 

^ 4jaA^I^ ^jllftll ][Jsc J^lxA =yy 

6 = moment magnifcation factor used to reflect effects 
of member curvature between ends of a compression member 
6.! = moment magnifcation factor used for frames not 
braced against sidesway, to reflect lateral drift 
resulting from lateral and gravity loads 
5« = design displacement, in. 


(jm fUxjl dJl^V ^jxlj d.alx,a =5 

_JaiuSal\ y^jC’ 

dJl^V i iljlxljVl >1^ ^jxll J^aliua =5s 

,<Uuijllj JLtxVI Cfi cil jxjVI 

, ^ i 4,xlJVl ~ 5u 

Ac/- = calculated out-of-plane deflection at midheight of 
wall corresponding to cracking moment Mcr, mm. 

An = calculated out-of-plane deflection at midheight of 
wall corresponding to nominal flexural strength Mn, mm. 

Ao = relative lateral deflection between the top and bottom of a 
story due to Vus, mm. 

Afp = increase in stress in prestressing reinforcement due 
to factored loads, MPa 

Afps = stress in prestressing reinforcement at service loads 
less decompression stress, MPa 

Ar = residual deflection measured 24 hours after removal 
of the test load. For the frst load test, residual deflection is 
measured relative to the position of the structure at the beginning 
of the frst load test. For the second load test, residual deflection 
is measured relative to the position of the structure at the 
beginning of the second load test, mm. 

Aj = out-of-plane deflection due to service loads, mm. 

Au = calculated out-of-plane deflection at midheight of 
wall due to factored loads, mm. 

Av = design story drift of story x, mm. 

Ai = maximum deflection, during frst load test, measured 
24 hours after application of the full test load, mm. 

Ai = maximum deflection, during second load test, measured 24 
hours after application of the full test load. Deflection is 
measured relative to the position of the structure at the beginning 
of the second load test, mm. 


COMMENTARY 
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ALI^aII jl^^l ^ ,i2C' d^MuIl =Acr 

. (“ ‘ Mcr 

djil ^IIaII j 1.A^} ^ .ijfr ujaa^aI) djMuIl sAn 

. ^ ^Afn AaawjVI fU^Vl 
, ^ <.j;U.ttii ^Uall U:^ Ja^IoII ^.lulikill djJuIl =Ao 

MPa ^ JIa^VI jI^VI ^ dJbj =A //7 

jI^I Jsi JIa^VI i.n^A\ ^A^aaaII jL^VI ^uLaj ^ JL^VI —Afps 

' MPa ‘ 

t JjVl jliliVl lJ**^ ^0! U^ ^Luu 24 *^*4 sjaaIH =A/- 

.^jVl jIaIAVI Ja^ ^ ^1 Uuaaj ^ djA^I 

^ (^\ Ai^wulL ^^.aaIaI) SjaaH) ^ (^1^1 jIaIAVI Ja^ 

. ^ jUj^VI Ja^ 

, ^ ( Ai^.1^) JLa^VI d.jAAlIl s A.g 

JLa^VI t fl_.v^-<*A ca,^^aa^aI 1 sAu 

, ^ 4 dt^lU^Al) 

, ^ 4X ^■AjA.<^'\ll ^.ViUall cilj^Vl =Ax 

^ 4 .&L 4 .U 24 ^ 4 ^jVl jUil^Vl ( djAAj ~Ai 

, ^ 4 jAliil jUH^Vl Ja^ 

^ 4 .&L 4 .U 24 ^LuiUd ^ 4 ^1^1 jbilAVl ( djA^ ^A2 

^ ^1 4.jaa111j ^ .JaISII Ja^ 

, ^ 4^l^l jUH^Vl 


8/= net tensile strain in extreme layer of longitudinal tension 
reinforcement at nominal strength, excluding strains due to 
effective prestress, creep, shrinkage, and temperature 
Sty = value of net tensile strain in the extreme layer of 
longitudinal tension reinforcement used to defne a compression- 
controlled section. 


djill ^jiall A4^I ^ulwu ^ ^ aAII JUAjI 

A< 4 ^A^aaaI) f-ljjuAiuU 4 ^iAaaVI 

,Sjlj^l ^jjj 


aAII ^uLaj ^ ^ 14^1 Jlxiji 4 .a^ ~£ty 

.^I^aaII iaL^I ^klA ^ ^j^auiaI) 


0 ^ angle between axis of strut, compression diagonal, 
or compression field and the tension chord of the members 


.14^} iakJall ^Uaj jl 4 JakJallj 4 dj^jll (j^ =0 


X ^ modifcation factor to reflect the reduced mechanical 
properties of lightweight concrete relative to normalweight 
concrete of the same compressive strength 
Xa ^ modifcation factor to reflect the reduced mechanical 
properties of lightweight concrete in certain concrete anchorage 
applications 

Xa^ multiplier used for additional deflection due to long-term 
effects 


COMMENTARY 
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COMMENTARY 


^ ijS-v ^ .^iS-v ..'I 9jl£V (JjJullI = X 



|i = coeffcient of friction 
^ = time-dependent factor for sustained load 
p = ratio of As to bd 
p' = ratio of Aj' to bd 

pe= ratio of area of distributed longitudinal reinforcement to 
gross concrete area perpendicular to that reinforcement 

Pp = ratio of Aps to bdp 

pj = ratio of volume of spiral reinforcement to total volume of 

core confned by the spiral, measured out-to-out of spirals 

pi = ratio of area of distributed transverse reinforcement to gross 

concrete area perpendicular to that reinforcement 

pv = ratio of tie reinforcement area to area of contact surface 

pw = ratio of As to bwd 



4) = strength reduction factor 

Ter = characteristic bond stress of adhesive anchor in cracked 
concrete, MPa 

Xuncr = characteristic bond stress of adhesive anchor in uncracked 
concrete, MPa 



]V[Pn i ^ (3^^ jIaulaI ^ —Ter 

^ (3*^^ jIaaaaI ^ IsjIjaII —Tuiicr 


]V[ i 


v|/c = factor used to modify development length based on cover 
\\ic.N= factor used to modify tensile strength of anchors 
based on presence or absence of cracks in concrete 
v|/c,p = factor used to modify pullout strength of anchors 
based on presence or absence of cracks in concrete 
v|/c'.v= factor used to modify shear strength of anchors 
based on presence or absence of cracks in concrete 
and presence or absence of supplementary reinforcement 
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\\icp,N = factor used to modify tensile strength of postinstalled 
anchors intended for use in uncracked concrete without 
supplementary reinforcement to account for the splitting tensile 
stresses due to installation 

\\icp,Na = factor used to modify tensile strength of adhesive 
anchors intended for use in uncracked concrete without 
supplementary reinforcement to account for the splitting tensile 
stresses due to installation 

vj/e = factor used to modify development length based on 
reinforcement coating 

v|yee,iv= factor used to modify tensile strength of anchors 

based on eccentricity of applied loads 

\\iec.Na = factor used to modify tensile strength of adhesive 

anchors based on eccentricity of applied loads 

v|/ec,v= factor used to modify shear strength of anchors 

based on eccentricity of applied loads 

\\ied,N = factor used to modify tensile strength of anchors 

based on proximity to edges of concrete member 

\\ied,Na = factor used to modify tensile strength of adhesive 

anchors based on proximity to edges of concrete member 

\\ied,v= factor used to modify shear strength of anchors 

based on proximity to edges of concrete member 

\\ih,v= factor used to modify shear strength of anchors 
located in concrete members with ha< l.Scoi 
\\ir = factor used to modify development length based on 
confning reinforcement 

\|/j = factor used to modify development length based on 
reinforcement size 

\|/f = factor used to modify development length for casting 
location in tension 

\|/w = factor used to modify development length for welded 
deformed wire reinforcement in tension 
Q.O = amplifcation factor to account for overstrength of the 
seismic-force-resisting system determined in accordance with the 
general building code 
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(^Lyui Ja^I dji JjJjlII JaIjla = \^ec,Na 

_a_ftit^_a\l jLft^bU Ajj£ja^1 

^Lwdi j^IiaaiaU dji JjJauI JaIxa —\^ec,V 

JLa^SU 

cil,^ ^ (JaLaiI ^jlC’ j^UaiaU lJiil\ djd JjJAiU (JaIxa ^\^ed,N 

uj^) qaLaI A^a^^I j^LaiaU I^aI) d^ JjJxlU JaIxa = \^ed,Na 

,^IaaJA^JXI) 

cil.^ (jaLaI ^jlC' j^UaiaU 4 j^iil d^ Jj.ia^ JaIxa = \^ed,V 

jA^UxIl ^ j^IaaaI] djfi Jj.ia^ ^^^aaaij (JaIxa =\|//{,v 

ha<1.5Cal ^^UAjaJl 

.^^laLftl) ^caLauII f IL (Jlimilll Jjia JaIjla s \|//> 

.^ulwul) f Uj (Jlimilll Jjia ^i^l4A4j JaIjla s \|/£ 

,Ja^} ^ ui^l J cIu^aII J.^ JjJaH ^.I&aaaij JaIjla s \|/^ 

,.1^1 ^ ^j^IaI) ^uLaH) J J.^ Jrl*^^ JaIjla s\|/^> 

JjVjll ^Uaj ^ AjIjII JIjl^jV! uLai^ JaIjla = 

..A^jaII pUJi l^j J.1 ^a1 | 

COMMENTARY 

j^l 
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2.3—Terminology 

adhesive —chemical components formulated from organic 
polymers, or a combination of organic polymers and inorganic 
materials that cure if blended together. 


2,3 

,lx .4 ^ iJl ^Uj CjA^axlj 


admixture—material other than water, aggregate, or hydraulic 
cement, used as an ingredient of concrete and added to concrete 
before or during its mixing to modify its properties. 


* -j i-'* A. .iVt j| jl fLftll Qa 


aggregate —granular material, such as sand, gravel, crushed 
stone, and iron blast-furnace slag, used with a cementing medium 
to form concrete or mortar. 


ji JjS.ti'.t AJsMjjld CjLalfJ ^ * ^■v'.. .i 1 j 


aggregate, lightweight —aggregate meeting the requirements of 
ASTM C330 and having a loose bulk density of 
1120 kg/m3 or less, determined in accordance with ASTM C29. 


4il^ Cj| jj ASTM C330 iliUlkUl - uJj^' Aiiii, I jiLSjll 

■ASTM C29 -1 ‘ Jai ji 1120 kg/m3 


anchor —a steel element either cast into concrete or post- 
installed into a hardened concrete member and used to transmit 
applied loads to the concrete. 


jaoIC’ ^ ‘"'j," Jxj ji ^ LjUidJ Lil Jj.A^I jaOjC’ - jLium 


anchor, adhesive —a post-installed anchor, inserted into 
hardened concrete with an anchor hole diameter not greater 
than 1.5 times the anchor diameter, that transfers loads to the 
concrete by bond between the anchor and the adhesive, and 
bond between the adhesive and the concrete. 


COMMENTARY 


R2.3—Terminology 


tiUlk^l-R2.3 

aggregate, lightweight —In some standards, the term 
“lightweight aggregate” is being replaced by the term 
“lowdensity aggregate.” 

JIjjIuiI ^ i jjjlx.dl u^aau ^ ‘ ‘ 

(jt.iaC;.' ^\Sj" "i ajSC'l 

anchor —Cast-in anchors include headed bolts, hooked bolts 
(J- or L-bolt), and headed studs. Post-installed anchors 
include expansion anchors, undercut anchors, and adhesive 
anchors; steel elements for adhesive anchors include threaded 
rods, deformed reinforcing bars, or internally threaded steel 
sleeves with external deformations. Anchor types are shown 
in Fig. R2.1. 

dilj 

ijAjAajj U. .lA ^(J-or-L-holt) 

ji 

.R2.1 

anchor, adhesive —The design model included in Chapter 17 
for adhesive anchors is based on the behavior of anchors with 
hole diameters not exceeding 1.5 times the anchor diameter. 
Anchors with hole diameters exceeding 1.5 times the anchor 
diameter behave differently and are therefore excluded from 
the scope of Chapter 17 and ACI 355.4. To limit shrinkage 
and reduce displacement under load, most adhesive anchor 
systems require the annular gap to be as narrow as practical 
while still maintaining suffcient clearance for insertion of the 
anchor element in the adhesive filed hole and ensuring 
complete coverage of the bonded area over the embedded 
length. The annular gap for reinforcing bars is generally 
greater than that for threaded rods. The required hole size is 
provided in the Manufacturer’s Printed Installation 
Instructions (MPII). 
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^ 4uL.^1a 1| iCuj^l Jxj jLaula - ijL 

^Lujj^l ^1 JLft^VI 4^) ijlAuMl) jiaS djrf 1,5 4>a j^i cluAi\ jIawia 


anchor, cast-in —^headed bolt, headed stud, or hooked bolt 
installed before placing concrete. 


jLam^I ^ ftSe. jIaoLA ^Ij ijlAULAll ^Ij ‘ 

AuAaII 


anchor, expansion —^post-installed anchor, inserted into 
hardened concrete that transfers loads to or from the concrete 
by direct bearing or friction, or both. 


,La^^ jl ji j. 4 iUa 1 | 4 ja.,Aj|^ Qa ji JLa^Vl 


anchor, horizontal or upwardly inchned —Anchor installed in 
a hole drilled horizontally or in a hole drilled at any orientation 
above horizontal. 


5 ^ ji biai 5 ^ jUaau - J^U ji ijUiAui 

.Liai (^Sn (^1 sUil 

anchor, post-installed —anchor installed in hardened concrete; 
adhesive, expansion, and undercut anchors are examples of post- 

installed anchors. 

^ jLaaaa Axj (jIauia 

AXJ j^LulaII ^jlC' AJaaI ^ ^AlAjjVl j^LuaaUj 

anchor, undercut —post-installed anchor that develops 
its tensile strength from the mechanical interlock provided 
by undercutting of the concrete at the embedded end of the 
anchor. Undercutting is achieved with a special drill before 
installing the anchor or alternatively by the anchor itself 
during its installation. 

.A 4 j.,^1 Jaj jLaaa 4jIawaa 

^ ,jLaa1a 11 AjjfidAll AjI^aII ^ AjLaJ^I (jji (JA Sj^jjaII 

,A^jj A. ..a* jLaaaaII Qa VAj ji jLaaiaII JIAjjVI 


anchor group —a number of similar anchors having 
approximately equal effective embedment depths with 
spacing s between adjacent anchors such that the projected 
areas overlap. 


COMMENTARY 


17 aloijLJ - (jlAUkA 

L^lxuai 1,5 V jUafii CjIJ j^LaaII 

1.5 Cf- Aiji |j j^Ua.41) .jLamiaII jiaS 

^Uaj ^ IajIxjIwiI ^ ^LllLj t j£^ jLawi. 411 jiaS 

tHiau AaIjVI u- u^Ui:vi u- cP! -ACI 355.4 j 17 

jLi ^iasLA 

^ c-Vctt-tH jA^Ifr JIAjV Jali^l ^ 

Aiaj|jl4ll AjialAll 4XaLill 4aia^) ^jL&uaj 
^ ^ ^ic- JSa^ 

.(IMPII) AjuL^l ^jA^ Clu^I CjIjIa^jI ^ t—L 

anchor, expansion —Expansion anchors may be 
torquecontrolled, where the expansion is achieved by a torque 
acting on the screw or bolt; or displacement controlled, where 
the expansion is achieved by impact forces acting on a sleeve 
or plug and the expansion is controlled by the length of travel 
of the sleeve or plug. 

^ AJjU AxwijUll CxS^ ~ Aaaai,^) (jIaw^a 

^ jj jj jLftAAoll Jakj AJaAAil^ AjlwjjjII 

AaL^I ^jlc- Jakj ^(jA AjLbujIll ^ 

.SjIJaaII jl Aul^l djiwj AxwijUl) ^ dJlAwJl jl 


anchor, horizontal or upwardly inclined —^Figure R2.2 
illustrates the potential hole orientations for horizontal or 
upwardly inclined anchors. 


L_i^l lIjIaL^I R2.2 tjUftAA# 

aIjUo ji Aj^Vi aJa^^-aII 
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^ ^ JJ& - J^LumII (JJt 

^ <tUa. .1A (jM J&U!lll ^ ^Ix^l ^jxll ^La&i 


anchor pullout strength —the strength corresponding to 
the anchoring device or a major component of the device sliding 
out from the concrete without breaking out a substantial portion 
of the surrounding concrete. 


4.u^j jjll jl duj^l J ALHaII djill - jIaumU t^'l-v . .1 Wt 

anchorage device —in post-tensioned members, the hardware 
used to transfer force from prestressed reinforcement 
to the concrete. 


^ a A .ia\i 


.lull! Jaj La iji - 


anchorage device, basic monostrand —anchorage device 
used with any single strand or a single 15 mm . or smaller 
diameter bar that is in accordance with 25.8.1, 25.8.2, and 
25.9.3.1(a). 


.^Ij Jjl£ ^ * ^■v'<..il 

25.9.3.1 j 25.8.2 j 25.8.1 (f 6^* j' . 15 

■(') 


anchorage device, basic multistrand —anchorage device 
used with multiple strands, bars, or wires, or with single bars 
larger than 15 mm. diameter that satisfes 25.8.1, 25.8.2 and 
25.9.3.1(b). 

ji ^ . .I*, .-tj M'.tt JJiLLall Jjllll jt^.^ 

t 25.8.1 jiaill . ^ 15 ji ii45Lji ji 

.(b) 25.9.3.1 j 25.8.2 

anchorage device, special —anchorage device that satisfes tests 
required in 25.9.3.1(c). 


COMMENTARY 


anchor group —For all potential failure modes (steel, 
concrete breakout, pullout, side-face blowout, and pryout), 
only those anchors susceptible to a particular failure mode 
should be considered when evaluating the strength associated 
with that failure mode. 


.jVjill) JalAjj Qa 

Ja^ ^(pryout 

JmiAU U:^ JxaII lillj ^ 


anchorage device —Most anchorage devices for post 
tensioning are standard manufactured devices available from 
commercial sources. In some cases, non-standard details or 
assemblages are developed that combine various wedges and 
wedge plates for anchoring prestressed reinforcement. Both 
standard and non-standard anchorage devices may be 
classifed as basic anchorage devices or special anchorage 
devices as defned in this Code and AASHTO LFRDUS. 

4.)iu/a.a\l dj^VI ^ ^^osla - 

jIjjVI ^ jl 

‘ ^ulwul) jIjjVI 

^ ^ 

.AASHTO LFRDUS j li* J 

anchorage device, basic —Devices that are so proportioned 
that they can be checked analytically for compliance with 
bearing stress and stiffness requirements without having to 
undergo the acceptance-testing program required of special 

anchorage devices. 

^jS.aj 4.^Ula dj^.^Vl- 

(jjJ '‘f-l ■ "y'I CjluUalaj ^ Jljla5d 

anchorage device, special —Special anchorage devices are 
any devices (monostrand or multistrand) that do not meet the 
relevant PTI or AASHTO LFRDUS bearing stress and, where 
applicable, stiffness requirements. Most commercially 
marketed multi-bearing surface anchorage devices are special 
anchorage devices. As provided in 25.9.3, such devices can 
be used only if they have been shown experimentally to be in 
compliance with the AASHTO requirements. This 
demonstration of compliance will ordinarily be furnished by 
the device manufacturer. 


PTI (j^LwlaII ji jIamiaII 

^ oj cjUkU . dlj 3 ^ . AASHTO LFRDUS 

AijArfkAl) JJxla dj ^.^1 

dj^VI dlft V ^25.9.3 ^ LaI llSj 

.AASHTO CiUlialAl llfij ^ IjI VI 

,A£ja^1 ^ JIjIaVI (ja Q^jxll 
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anchorage zone—in post-tensioned members, portion 
of the member through which the concentrated prestressing 
force is transferred to concrete and distributed more uniformly 
across the section; its extent is equal to the largest dimension of 
the cross section; for anchorage devices located away from the 
end of a member, the anchorage zone includes the disturbed 
regions ahead of and behind the anchorage device. 


Jlj ^ ^ lAuill Jaj La ^ 4 ^ 1 ala 

• ^La^tt liallui jSjaII 

^La^U ^ ^jLujj AjlwjjII) 


attachment—structural assembly, external to the surface 
of the concrete, that transmits loads to or receives loads from 
the anchor. 

ji JLa^Sh jl^ ^ay'i - ^J. 4 II 

,jLaMa,ail ^ JLa^VI 

B-region—portion of a member in which it is reasonable 
to assume that strains due to flexure vary linearly through 
section. 


i_uaau diVLiijVI ^ _ g 

.^JaLah QA IjLC . at'C a' 1 ^Ll^'^l 


hase of structure—level at which horizontal earthquake ground 
motions are assumed to be imparted to a building. This 
level does not necessarily coincide with the ground level. 



U Cast-in anchors: (a) hex head boll with washer: (b) L-boll; (c) J-bolt: 
and (d) welded headed stud. 



(a) (b) (cl) (c2) (d) 

I) Post-installed anchors: fa) adhesive anchor: (b) undercut anchor: 

(c) torque-controlled expansion anchors ((cl) sleeve-type and (c2) stud-type): 
and (d) drop-in type displacement-controlled expansion anchor. 


ig. R2.1 Types of anchors. 




p 


Fig. R2.2 Possible orientations of overhead, upwardly 
inclined, or horizontal anchors. 


'LiJajVI ^Jljljh - LuIaII sJclS 

^ djjjAaallj ^Uajj V sttb 

heam—member subjected primarily to flexure and shear, 
with or without axial force or torsion; beams in a moment 
frame that forms part of the lateral-force-resisting system are 
predominantly horizontal members; a girder is a beam. 


dj^l ^jHa ^liaj (ya jtlaVl ^ .fljllVI 

jjk 4aa3jIx 1| ‘Ajlsi jAdUc ^ jjA 

houndary element—portion along wall and diaphragm edge, 
including edges of openings, strengthened by longitudinal and 
transverse reinforcement. 


anchorage zone—In post-tensioned members, the portion of the 
member through which the concentrated prestressing force is 
transferred to the concrete and distributed more uniformly across 
the section. Its extent is equal to the largest dimension of the 
cross section. For anchorage devices located away from the end 
of a member, the anchorage zone includes the disturbed regions 
ahead of and behind the anchorage devices. Refer to Fig. 
R25.9.1.1b. 

Qa ^ ^.41 (jA Jlj ^ Jaj ^ 

LaU^I jisi Jij 

^ ■a.41 _^lia a'I 

aLi*A JauaI 

.R.9.9.1.1h c-iml'l ^Lai ^jhJaAl) 
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liUj ^ Lu ^LuixJl 



breakout strength, concrete —strength corresponding to a 
volume of concrete surrounding the anchor or group of anchors 
separating from the member. 



building offcial —term used to identify the Authority 
having jurisdiction or individual charged with administration and 
enforcement of provisions of the building code. Such terms as 
building commissioner or building inspector are variations of the 
title, and the term “building offcial” as used in this Code, is 
intended to include those variations, as well as others that are 
used in the same sense. 



cementitious materials —materials that have cementing value if 
used in concrete either by themselves, such as Portland cement, 
blended hydraulic cements, and expansive cement; or such 
materials in combination with fly ash, other raw or calcined 
natural pozzolans, silica fume, and slag cement. 

|j| AjIIaujI - AjUomjVI 

.lytj duAujI JLa 

ji ^ ^ bAA iJiA ji 



collector —element that acts in axial tension or compression to 
transmit forces between a diaphragm and a vertical element of 
the lateral-force-resisting system. 


dj^l 


column —member, usually vertical or predominantly 
vertical, used primarily to support axial compressive load, 
but that can also resist moment, shear, or torsion. Columns 
used as part of a lateral-force-resisting system resist combined 
axial load, moment, and shear. See also moment frame. 

ji O' Jaiuall JjVI 

Ajf'l \11 aj^l AajILs f aXacVl .fljolVl jl O'a^l 

.j'JaV' jiaj' ^ (jAail (»jlaAll 
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coluitm capital —enlargement of the top of a concrete column 
located directly below the slab or drop panel that is cast 
monolithically with the column. 


compliance requirements —construction-related code 
requirements directed to the contractor to be incorporated 
into construction documents by the licensed design professional, 
as applicable. 


^ L^IjJV f4 cjUllala - JljlaV) CjUllala 


composite concrete flexural members —concrete flexural 
members of precast or cast-in-place concrete elements, 
constructed in separate placements but connected so that all 
elements respond to loads as a unit. 


4jLaJlui,a j^Uxll JS 41,^* A 1^ *<' 4 ^ Cii^ 

94 ^JLa^bU 


compression-controlled section —cross section in which 
the net tensile strain in the extreme tension reinforcement at 
nominal strength is less than or equal to the compression 
controlled strain limit. 


^ 4^1 Jlx&ji 4 ^ ^JaLa - Ja&Jall ^JaLa 

.jaiaJLall iaiuSal\ Jlx&jl 4^ ji 4 .jauVI aj4ll 4jc 


compression-controlled strain limit —net tensile strain 
at balanced strain conditions. 


Jlajjl ^ ^Uoll 4t^l JLxiji - -<-v' laxuall Jlxijl 4^ 

concrete —mixture of portland cement or any other cementitious 
material, fine aggregate, coarse aggregate, and 
water, with or without admixtures. 

'4j'<*a.. it ajLa jl i-'* A...yt Qji _ 4jLjjj^j 

.CjlfiLual (jj4j jl ^ tfLallj 


concrete, all-lightweight —lightweight concrete containing 
only lightweight coarse and fne aggregates that conform to 


ASTM C330. 


COMMENTARY 


compliance requirements —Although primarily directed to 
the contractor, the compliance requirements are also 
commonly used by others involved with the project. 


iJjLLdI i^\ JjVI ^ jjM ^jll - Jl^VI CjUUala 
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concrete, lightweight —concrete containing lightweight 
aggregate and having an equilibrium density, as determined 
by ASTM C567, between 1440 and 1840 kg/m3. 


^ UJJ 

1840 j 1440 u" ‘ ASTM C567 > US 4ilis 

.kg/m3 


concrete, nonprestressed —reinforced concrete with at 
least the minimum amount of nonprestressed reinforcement and 
no prestressed reinforcement; or for two-way slabs, with 
less than the minimum amount of prestressed reinforcement. 


AaaI Jsi ^ UlJ ^ y 


concrete, normalweight —concrete containing only 
coarse and fne aggregates that conform to ASTM C33. 


■ASTM C33 2-<ialj2 


concrete, plain —concrete with no reinforcement or with 
reinforcement less than the minimum amount specifed for 
reinforced concrete. 


iJA Jsi ^ ji ^ ^UjJ^ - 

-v t. .1 A *1. .ij-v U 


concrete, precast —concrete element cast elsewhere than 
its fnal position in the structure. 


4jlS,a j.>,*£.- Aaj. 

,Lu4a11 

concrete, prestressed —concrete in which internal stresses have 
been introduced to reduce potential tensile stresses in concrete 
resulting from service loads. 

Jjlldll A^aaua i411aj 

^jk A\^'-\. a'1 1,^1 cliUL^i ijA 

concrete, reinforced —concrete reinforced with at least 
the minimum amounts of nonprestressed or prestressed 
reinforcement required by this Code. 


COMMENTARY 


concrete, normalweight —Normalweight concrete typically 
has a density (unit weight) between 2155 and 2560 kg/m3, 
and is normally taken as 2320 to 2400 kg/m3. 


(jj^l Cj|j ^Uuj^l ka dJl£ - 

2320 (> fku U 5 jI*j i2560 kg/m3 j 2155 On (uJj^' “•^j) 

.kg/m3 2400 


concrete, plain —The presence of reinforcement 
(nonprestressed or prestressed) does not exclude the member 
from being classifed as plain concrete. 


^^ajaa ji ^ ~ AjJUJI 

^a Qa jA^jxl\ jUjIuI 

concrete, prestressed —The term “prestressed concrete” 
includes members with unbonded tendons or bonded 
prestressing reinforcement. Although the behavior of a 
prestressed member with unbonded tendons may vary from 
that of members with bonded prestressed reinforcement, 
bonded and unbonded prestressed concrete are combined with 
conventionally reinforced concrete under the generic term 
“reinforced eonerete.” Provisions common to both prestressed 
and conventionally reinforced concrete are integrated to avoid 
overlapping and eonflieting provisions. 


^ *3 ‘ “ ^ ^ y AAaaaa 

(^ajma jl UU ja^UxII 

^ ^^a^-aa 

'I ^ i^AjAA jii^dUiih liljlui ilfi’ ‘ Sl'-vj jk 

A^Uu 

IjA Jil AxjL^I A> 

Alal£U A^Uu ^Uuj^I 

A ,>1^1" a'Ij 


concrete, reinforced —Includes members satisfying the 
requirements for nonprestressed and prestressed concrete. 

^cjUliaU Aj^ - A^IuiaII 

AIjaaaj 
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concrete, sand-lightweight —lightweight concrete containing 
only normal weight fne aggregate that conforms to ASTM C33 
and lightweight coarse aggregate that conforms to ASTM C330. 


^jlC' iaifi ^ 

uLiill ASTM C33 J\ 

■ASTM C330 

concrete, steel fher-reinforced —concrete containing a 
prescribed amount of dispersed, randomly oriented, 
discontinuous deformed steel fbers. 


- ^-vt .1 Atl-Wjatt (^L^j 

,dj,alwu j^l A *J\-v A\t jV.^1 ciUll (j,a 

concrete strength, specifed compressive, (fc') —compressive 
strength of concrete used in design and evaluated in accordance 
with provisions of this Code, MPa; wherever the 
quantity fc' is under a radical sign, the square root of numerical 
value only is intended, and the result has units of MPa. 

^ A a\I Ui .tiW - {fc'') ‘ ^ 4JLujjAJI 

fc LaLI ^ MPn 

1 laiS A ..ja" <j.^a a'1 , 

■MPa 


connection —^region of a structure that joins two or more 
members; a connection also refers to a region that joins 
members of which one or more is precast. 


JA^ (jA jl UlLalj ^ AiU'^, 

,j^i jl ^ laaOa y^\jC’ ^jSom AiU\^ Uiaji Cj^sLdjll 

connection, ductile —connection between one or more 
precast elements that experiences yielding as a result of the 
earthquake design displacements. 


JAJ C-i^l iJAjMA jl - AjjaII 

.JjVjll 4aaja,^!11| 


COMMENTARY 


concrete, sand-lightweight —By Code terminology, sand- 
lightweight concrete is lightweight concrete with all of the 
fne aggregate replaced by sand. This defnition may not be in 
agreement with usage by some material suppliers or 
contractors where the majority, but not all, of the lightweight 
fnes are replaced by sand. For proper application of the Code 
provisions, the replacement limits should be stated, with 
interpolation if partial sand replacement is used. 

^ISj JS JIajIuiI ^ ^ UJ.^^ ^ 

jA jjA ifaxA QA ^ cjIajhaII IjA ^ 

(jA O^J ^ (j4jliAll jl 

jSJ ^JaaIsaU .JajIIa ‘ 

,3a^>11 J|..vu,a 1 ^ iJl ^ t JI.uuaVI 
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connection, strong —connection between one or more precast 
elements that remains elastic while adjoining members 
experience yielding as a result of earthquake design 
displacements. 


Jljj V jI 

JjVjU 


construction documents —written and graphic documents 
and specifications prepared or assembled for describing the 
location, design, materials, and physical characteristics of 
the elements of a project necessary for obtaining a building 
permit and construction of the project. 


^ jitidUiiU ‘ 


contraction joint —formed, sawed, or tooled groove in a 
concrete structure to create a weakened plane and regulate the 
location of cracking resulting from the dimensional change of 
different parts of the structure. 


i. a'*C a'1 jUjVI Cfi ^ ^j.al 


cover, specifed concrete —distance between the outermost 
surface of embedded reinforcement and the closest outer surface 
of the concrete. 


uj£VI ,i'lj 


crosstie —a continuous reinforcing bar having a seismic hook at 
one end and a hook not less than 90 degrees with at least a 6</i 
extension at the other end. The hooks shall engage peripheral 
longitudinal bars. The 90-degree hooks of two successive 
crossties engaging the same longitudinal bars shall be alternated 
end for end. 


cijlall ^ ^dh (J2SII JlJlal ^ 90 U* J 

QuI jjA 90 CjliSxll 

OJ^ ibliSxll Qa 


COMMENTARY 
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D-region —^portion of a member within a distance h of a 
force discontinuity or a geometric discontinuity. 


£^Ualj| ji (Jm h 0'*'^ 'I ^ ^ - Q 

design displacement —total calculated lateral displacement 
expected for the design-basis earthquake. 


design information —^project-specifc information to be 
incorporated into construction documents by the licensed design 
professional, as applicable. 

^Ijj ^ ‘^ cjLa^^lx,a 

design load combination —combination of factored loads and 
forces. 

JLa^Vl A£-ja^ - JLo^V) u^Ijj 

design story drift ratio —relative difference of design 
displacement between the top and bottom of a story, divided by 
the story height. 

^IjVl 

,^UaIl ^^^1x1) 

development length —length of embedded reinforcement, 
including pretensioned strand, required to develop the design 
strength of reinforcement at a critical section. 

JjI£ iillj ^ Loj Jjia - duj^l Jjla 

discontinuity —abrupt change in geometry or loading. 


.JjaxaII ji JUjVI £^lLa 

distance sleeve —sleeve that encases the center part of an 
undercut anchor, a torque-controlled expansion anchor, or a 
displacement-controlled expansion anchor, but does not expand. 

(jA f^LuiA 

jIaaaa jI (jljjdl jIaaaa jI jLawiaII 

V ,>lK'l JXull 


COMMENTARY 


design displacement —The design displacement is an index 
of the maximum lateral displacement expected in design for 
the design-basis earthquake. In documents such as ASCE/SEI 
7 and the International Building Code, the design 
displacement is calculated using static or dynamic linear 
elastic analysis under code-specifed actions considering 
effects of cracked sections, effects of torsion, effects of 
vertical forces acting through lateral displacements, and 
modifcation factors to account for expected inelastic 
response. The design displacement generally is greater than 
the displacement calculated from design-level forces applied 
to a linear-elastic model of the building. 

^IjbU Aaaaaa^II) 4,^1 jVl -Aaaja.*^j1| ^)jV1 

JLa t“'t u*;. .1A ^ .JjVjll ^ cjU^ALAui ^ AxSjIaII 

^.AA^I 4^1 jvi uLa^. (.Lull jjSj ASCE / SEI 7 

.IjUl lAJJxj dil^lj^l Caxj j\ ijja JaI^ ^llxlulj 

4uAuijll ^jill Cjlj^b .pIjaIVI Cjlj^b .A^XwiIaII ^JaliAll CjIj^IaI IjIxj 

4 4-v*...y 1 uLaxI JjJa^l Cj^lxAj '4j;‘ly " ^IJVI (Ja Ja*j 

^IjVI ijA 4jaja.v^*;II ^IjVI ka d4l& ,4 x£^^1a1| ^jaII 

.^^^aaaU ijjA ^4^^ 4^jlaAll ^ jI^aa ^^ 
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drop panel —projection below the slab used to reduce the 
amount of negative reinforcement over a column or the minimum 
required slab thickness, and to increase the slab shear strength. 

Jiui Jallul - JajLui 

dJbjlj ji 

duct —conduit, plain or corrugated, to accommodate prestressing 
reinforcement for post-tensioning applications. 

jxj La uIxjIuiV jI 

.Joill 

durability —ability of a structure or member to resist 
deterioration that impairs performance or limits service life of the 
structure in the relevant environment considered in design. 

ji pIjVI ‘ ji dj.^ - 

j A ^ j«a& 

edge distance —distance from the edge of the concrete surface to 
the center of the nearest anchor. 

,jLa,Mi,a ujii ^JA ^ ^LuoaII - 4,31^1 4iLuaa 

effective depth of section —distance measured from extreme 
compression fber to centroid of longitudinal tension 
reinforcement. 

' flljtyt 4,2LuAalj - dlxill 

_ ^.tiU 

design displacement —The design displacement is an index of 
the maximum lateral displacement expected in design for the 
design-basis earthquake. In documents such as ASCE/SEI 7 and 
the International Building Code, the design displacement is 
calculated using static or dynamic linear elastic analysis under 
code-specifed actions considering effects of cracked sections, 
effects of torsion, effects of vertical forces acting through lateral 
displacements, and modifcation factors to account for expected 
inelastic response. The design displacement generally is greater 
than the displacement calculated from design-level forces applied 
to a linear-elastic model of the building. 

4JulyII A.&IIAjajfliri'ill 4,^1 jyi Jfiu - ^jajai^lll A.&ljyi 
Jaa LjIaIauia ^ .JjVjll Ajajairilll ^ajairilll ^ ^jaaII 

Aaaaaa^UI AaI jyi (4i ASCE / SEI 7 

Uj,l:aA Lj|f Ijyl ^jJ^aUajII jI Cu\m\ ^Bkll QjaII JjWIII ^MVuhU 
^jill LjI j^Ia (fIjAlVI LjI j^Ia tAMdilall ^ ISa U I LjI jaaIaI Ijiu JjSlI 

laI < >i\I JaJx^I Lj^Uaj tAjf'lyll LaLalI jVI ^ ajaj^l 'I^uaiIjII 

^ Ajajairi'll A,^!jyi ta aJlfr .AaiSjaaII AajaII jaxJI AaUJuaVI 
^Ajaa A vBall ^ajairilll ^ jauia ^ ^j)<ii'\all AaxI jyi 


COMMENTARY 


effective embedment depth —Effective embedment depths 
for a variety of anchor types are shown in Fig. R2.1. 


■ R2 .1 
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effective embedment depth —overall depth through which the 
anchor transfers force to or from the surrounding concrete; 
effective embedment depth will normally be the depth of the 
concrete failure surface in tension applications; for cast-in 
headed anchor bolts and headed studs, the effective embedment 
depth is measured from the bearing contact surface of the head. 


^ 


effective prestress —stress remaining in prestressed 
reinforcement after losses in 20.3.2.6 have occurred. 


alj "* ^ - dlxill ^3^.uudl 

.20.3.2.6 (J Jaija 

embedments —items embedded in concrete, excluding 
reinforcement as defned in Chapter 20 and anchors as defned in 
Chapter 17. Reinforcement or anchors welded, bolted or 
otherwise connected to the embedded item to develop the 
strength of the assembly, are considered to be part of the 
embedment. 

^ La£ ^diuull ^ dj,5.4kAll 

,17 ^ LoS (luuill 20 

J^i jLu ji J^LuMJ AuAftll ji ^ ji .I'.tl 

,jjxll (jji 1^3^ 


embedments, pipe —embedded pipes, conduits, and sleeves. 


^3^) idj^^.aa.All c-i^UVl 


uUVI 




embedment length —length of embedded reinforcement 
provided beyond a critical section. 

^iaAdj I.^La .^j3d dj,5.4kAlj - j.4xll djia 

equilibrium density —density of lightweight concrete 
determined in accordance with ASTM C567 after exposure to a 
relative humidity of 50 + 5 percent and a temperature of 73.5 + 
3.5°F for a period of time suffcient to reach constant density. 


J»j ASTM C567 3 liaj 9JAa-»ll odjl' 

3.5 ± 73.5 9j'j^ 5 ± 50 Ajj-uH Jjjlajll (jijxjll 


COMMENTARY 
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expansion sleeve —outer part of an expansion anchor that is 
forced outward by the center part, either by applied torque or 
impact, to bear against the sides of the predrilled hole. See also 
anchor, expansion. 


iji ji (jljjJ 6® *^1 JjLail lA 


extreme tension reinforcement —layer of prestressed or 
nonprestressed reinforcement that is the farthest from the 
extreme compression fber. 


Qa .UiaM 

ioLJal] LiUll (jc uj^ 

finite element analysis —a numerical modeling technique in 
which a structure is divided into a number of discrete elements 
for analysis. 




CjU^Lalj ^ 

_ A ^ Lwklftll 


five percent fractile —statistical term meaning 90 percent 
confdence that there is 95 percent probability of the actual 
strength exceeding the nominal strength. 


Z95 4LjA tjlj ijA Z90 - fractile 5% 

,AuawjV 1 djU) Aulxill djill 


headed deformed hars —deformed bars with heads attached at 
one or both ends. 




.U*5tS 


headed holt —cast-in steel anchor that develops its tensile 
strength from the mechanical interlock provided by either a head 
or nut at the embedded end of the anchor. 


COMMENTARY 


five percent fractile —The determination of the coefficient 
Kas associated with the 5 percent fractile, x - Kosss depends on 
the number of tests, n, used to calculate the sample mean, x , 
and sample standard deviation, Ss. Values of Kos range, for 
example, from 1.645 for « = co, to 2.010 for n = 40, and 2.568 
for n = 10. With this defnition of the 5 percent fractile, the 
nominal strength in Chapter 17 is the same as the 
characteristic strength in ACI 355.2 and ACI 355.4. 

X - ‘fractile 75 -j k05 4;-^ - fractile 5% 

n ‘ liljbiiVl JJft KOSss 
ija 1 JIAaII ijiC’ ‘ KOS -SS ‘ ‘tjjidl ^jUxaII ciljaAVIj ‘ 

e n = 10 4 2.568 j ‘ n = 40 4 2.010 ‘ « = n 4 1.645 

(jAii ^17 jAiaill ^ CauiVI Sjill (jjSj ‘ fractile 75 c>> uSjjxjH 
.ACI 355.4 j ACI 355.2 J 
headed deformed bars —The bearing area of a headed 
deformed bar is, for the most part, perpendicular to the bar 
axis. In contrast, the bearing area of the head of headed stud 
reinforcement is a nonplanar spatial surface of revolution, as 
shown in Fig. R20.5.1. The two types of reinforcement differ 
in other ways. The shanks of headed studs are smooth, not 
deformed as with headed deformed bars. The minimum net 
bearing area of the head of a headed deformed bar is 
permitted to be as small as four times the bar area. In 
contrast, the minimum stud head area is not specifed in terms 
of the bearing area, but by the total head area which must be 
at least 10 times the area of the shank 

^uaaU JjaxaII — ^Ij CjU 

JjAXllj (JA .^CAaaII ^ d^alxAA ^,^Axll 

^ ^ La£ ^Isaa ^jaIj CjU jIaaaaI) 

Cj|j j^LaaU (Jjlaj ^4 aaa1| ‘ .R20.5.1 J^aaII 

Cj|j ^J^Aa ^ jX Ia£ AaJ^Aa ClAAj.lj iAAO&lj 

(jl ^^^AAAA {JaIjJ ^J^-v Atl ^UaaU AiASIa^I JaaxaII A^IaIaI .ChU 

JxAl Jj.Axj ^ V iJjliAll ^ .^UaaII 4.^1aaa LjUjAal Axjjl \jJua UJ% 
ijA (JaaxaII AilalA AaXiIj Qa jj jIaaaa 4.^1aaa1 

4.^1aaa L^lxAdi 10 J^Sh ijiS' ujAj (ji ^La^VI ^Iaaa 

^LaII 
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|/LUSliI 1 ^ uiL.^1 jLauim - ^ij jIaul4 

.jLom^I ^ cijiaij J^L^I jI ^ 1^1 Lai djAj^ ^<^1 ^J%<jl%«all 

headed stud —a steel anchor conforming to the requirements of 
AWS Dl.l and affxed to a plate or similar steel attachment by 
the stud arc welding process before casting; also referred to as a 

welded headed stud. 


A^YS Dl.l CjUUsjaI ^Uxall jLaAaM - Cjjj jUa^u 

jL^ ^a-i^l ^jjIaII ^jilL ^l^l Aulaxj AjlAa (3^^ ji A-vja.>^ 

I '* jjajl^ Cjjj jLa.ua.a LJajj 


headed shear stud reinforcement —reinforcement consisting of 
individual headed studs or groups of studs, with anchorage 
provided by a head at each end, or by a head at one end and a 
common base rail consisting of a steel plate or shape at the other 
end. 


A jl ChU jIamu (JA ' all'.j ^jL^I _ ^j^lll jLoaaa 

^Ijll aJsaaIjj jI icijia JS ^ o^ljll AIsaaI^ jLaaaaII ^ 4 j^Laa 1 | ^ja 

fji Jlu jl AjjVjS a.vjS,^ ly, UJ^ liljAk^ ,_^LaI LAjjSaij ciljlaVI A^l 

_jiVl cijlall 


hooked holt —cast-in anchor anchored mainly by bearing of the 
90-degree bend (L-bolt) or 180-degree bend (J-bolt) against the 
concrete, at its embedded end, and having a minimum eh equal to 

3da. 


Jaa^ ^aAiJj Ci^ji t^^u/aA jIaaaa - Aa<fc (jjjj jLoaaa 

L^jla Ajc iAjLuijaJl Jja (J-holt) 180 j' (L-holt) ^jA 90 

.3dn i^jLaj eh t^A' A^ ‘J>«i*ll 


hoop —closed tie or continuously wound tie, made up of one or 
several reinforcement elements, each having seismic hooks at 
both ends. A closed tie shall not be made up of interlocking 
headed deformed bars. See 25.7.4. 


dAP jl A^lj (JA 4Ja1wia J^aaj AIAaa jI ^3lkA JIAaa - 3^^ 

(j'l ^ Ajc ^IjlJ CjliUftk ^jiC’ t^AA j£ 'A.v'.,i.' 

,25.7.4 jl^l .AAA .ti'.A CH AIAaaII 

inspection —observation, verifcation, and required 

documentation of the materials, installation, fabrication, erection, 
or placement of components and connections to determine 
compliance with construction documents and referenced 
standards. 

jl jj u^j^l ji aI^^aU ‘,'jILaII 3^J^Ij A^IjaII - l.aIjaaVI 

^LaIVI ^IjaIVI ^aa .Aj.a^a 1 cj5L^^lj CjU^^LaII jI “*^1' 

j^IaaIIj 


COMMENTARY 
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inspection, continuous —the full-time observation, verifcation, 
and required documentation of work in the area where the work 
is being performed. 


^ 

,(3.4x11 A^ialftll 


inspection, periodic —the part-time or intermittent observation, 
verifcation, and required documentation of work in the area 
where the work is being performed. 


u^^llxftll (j^jjllj tAxiaAlAll ji 

.(J^xll iSJ^ (^1 AilalAll J4iill 


isolation joint —separation between adjoining parts of a concrete 
structure, usually a vertical plane at a designed location such as 
to interfere least with performance of the structure, yet such as to 
allow relative movement in three directions and avoid formation 
of cracks elsewhere in theconcrete, and through which all or part 
of the bonded reinforcement is interrupted. 


L 4 dJlf U^iAAill djjlx.411 jixl) (JM - Jjxll 

(3^ (3^V1 tLwUAll pbi ^ ^AiYiA AjaajIj Ajjlui4 

(jlLa ■-.! dilAlxjl "*'1 ^Liuill 

(^1 JajI jIaII ^uluull ijA ^ jx ji (3^ ciSjj ija 

.jlaliu 


jacking force —in prestressed concrete, temporary force exerted 
by a device that introduces tension into prestressing 
reinforcement. 


(3^Jj diji l^.A4jLaj (^1 ^ - ^„>ll djA 

,(^, 1 * It all jL^.xV) ^uIaAJ .lAAtll 

joint —portion of structure common to intersecting members 


.AxialilLall jA^UxU liljjAAAll ^ f ~ dJip 

licensed design professional —an individual who is licensed to 
practice structural design as defned by the statutory requirements 
of the professional licensing laws of the state or jurisdiction in 
which the project is to be constructed, and who is in responsible 
charge of the structural design. 

^oaa^aII 444 JL 4 . 4 I Ja*.. . 1 A .Ti — *j A .i a 

^jilll AaI^aaII CjbllalAll ^ uijjxa jA LaS 

-jA,>,’:U JjiJ^aaiaII (jaj t^jjA^Al) pUj ^ (^aII (^LJall) (j^L^jkVl jl 

.yiLilVl 


COMMENTARY 


joint —The effective cross-sectional area of a joint of a 
special moment frame, Aj, for shear strength computations is 
given in 18.8.4.3. 

‘ Aj ‘0^1^ ^3^ jd^! J-^‘a' ^_^AAajxll ^Js^aU ^Lxill ^LaiaII— 

.18.8.4.3 o»a1i »ja ibLLAaJ 


licensed design professional —May also be referred to as 
“registered design professional” in other documents. 


Adjll cijlxA" blaji 4^1 - (j^^jaII aja.a,*'! lAjaxai 

cIiIaIuaa jji "(3 >aaa 1| 
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load —forces or other actions that result from the weight of all 
building materials, occupants, and their possessions, 
environmental effects, differential movement, and restrained 
dimensional changes; permanent loads are those loads in which 
variations over time are rare or of small magnitude; all other 
loads are variable loads. 

ujj Cf" 5^^ JlsiSVI JjJj - CjVjAaJI 

jUjVI jIjVIj 

jliLa O.^ 

load, dead —(a) the weights of the members, supported structure, 
and permanent attachments or accessories that are likely to be 
present on a structure in service; or (b) loads meeting specifc 
criteria found in the general building code; without load factors. 

t-t a-vt ji i-'l a-vt^ttj L^la 

JLa^VI ^ L^la ijiC’ 

Cj^liLa (jjJ ^ ^ 

load, factored —load, multiplied by appropriate load factors. 


Cj^bca ^ '' afcl J,a^j _ i 

load, live —(a) load that is not permanently applied to a 
structure, but is likely to occur during the service life of the 
structure (excluding environmental loads); or (b) loads meeting 
specifc criteria found in the general building code; without load 
factors. 

(JA iL^la ^ V 

JLa^Vl (v) JLa^VI jj£' 

Cj^LiU (jjJ ^ ^ 

load, roof live —a load on a roof produced; (a) during 
maintenance by workers, equipment, and materials, and (b) 
during the life of the structure by movable objects, such as 
planters or other similar small decorative appurtenances that are 
not occupancy related; or loads meeting specifc criteria found in 
the general building code; without load factors. 

QA ^ cilu ijiC' i}a^ - ‘ “■"" 

L^ldl dl^ j (JLoxl) 

(JaA V bjJual\ t->la-vtA ^ ji 

QjJ JjS ^ '■'y ■''I ji ‘<lLd 


COMMENTARY 


loads —A number of defnitions for loads are given as the 
Code contains requirements that are to be met at various load 
levels. The terms “dead load” and “live load” refer to the 
unfactored, sometimes called “service” loads specifed or 
defned by the general building code. Service loads (loads 
without load factors) are to be used where specifed in the 
Code to proportion or investigate members for adequate 
serviceability. Loads used to proportion a member for 
adequate strength are defned as factored loads. Factored loads 
are service loads multiplied by the appropriate load factors 
for required strength except Wind and Earthquake which are 
already specifed as strength loads in ASCE/SEI 7. The 
factored load terminology clarifes where the load factors are 
applied to a particular load, moment, or shear value as used in 
the Code provisions. 

^ i jj'-v a' 1 ■■'ll i'Ii'a'K Cjlijjxlll ijA JJC ^UaCl ^ - JLo^VI 

■ jaAA J,4^l CjbjUuU .lie f-l “J*- "V' 

JjS 1^ „\-v*.,ij ji IjL^i 

^ ^ Cj^sLaliu UJ*^ 

^ ^tLal ji ‘t 

iji ijiC’ "I 

Cj^Liu ^ ^ 

^ djlU c-iuiLlall 

,ASCE / SEI 7 JLa^l£ 

2 A ^-v*;. .1A 2 Aja< jj ji (JJXA Cj^lx,a ^ 
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load, service —all loads, static or transitory, imposed on a 
structure or element thereof, during the operation of a facility, 
without load factors. 


, QjJ f UjI (l^AA 

load path —sequence of members and connections designed to 
transfer the factored loads and forces in such combinations as are 
stipulated in this Code, from the point of application or 
origination through the structure to the fnal support location or 
the foundation. 

&.l*,/aA\l J JIa^VI ^AA,/aA\l JA^UxII JmlLaJ - Ja^I jLaa 

jl AJalj (jA 1,^ ^ ^ 1-a^ 

,^UaV1 UaIaII al null 


Manufacturer’s Printed Installation Instructions (MPII)— 

published instructions for the correct installation of an adhesive 
anchor under all covered installation conditions as supplied in the 
product packaging. 


Sj^^aaIa CjIaaIxj - ^MPII) A^jalsAli CjLajIju 

^ jA Ia£ aliaXAlj Jsjjaa ^aa^ Ca^ (3^^ jIaaaaI 

,^laIa 1| dj^ 


modulus of elasticity —^ratio of normal stress to corresponding 
strain for tensile or compressive stresses below proportional limit 
of material. 


ji 1,^1 diUl^V JjIAaII u ^\ JI^VI Aaau - JaUla 

.aJlAll ^ 

moment frame —frame in which beams, slabs, columns, and 
joints resist forces predominantly through flexure, shear, and 
axial force; beams or slabs are predominantly horizontal or 
nearly horizontal; columns are predominantly vertical or nearly 
vertical. 


^jill dAA&Vlj CjIjaSII ~ 

diUa^lAh C1 iIja£1| ‘AjjjaaII sjaIIj Qm i^lkll ^ 

jl dAA&Vl .AAASi A^ ji Ajifii ^ 

moment frame, intermediate —cast-in-place beam column 
frame or two-way slab-column frame without beams complying 
with 18.4. 


- A,^A& jtlsl ji ^ f,AJA,^A SjaS - A,5A& jdal - IsajJAaII jl^l 

.18.4 UJ^ 


COMMENTARY 
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moment frame, ordinary —cast-in-place or precast concrete 
beam-column or slab-column frame complying with 18.3. 


.18.3 JM 

moment frame, special —cast-in-place beam-column frame 
complying with 18.2.3 through 18.2.8; and 18.6 through 18.8. A 
precast beam-column frame complying with 18.2.3 through 
18.2.8 and 18.9. 


18.2.3 ^ jdal - jUal 

^ jaljli 1 - 1^1 ajjS . ijac- jUaj .18.8 18.6 j ^18.2.8 

.18.9J 18.2.8 18.2.3 

net tensile strain —the tensile strain at nominal strength 
exclusive of strains due to effective prestress, creep, shrinkage, 
and temperature. 

■ diVtiiijVI ^Ujlub <UauiVI Jlxijl - aAII JUiji 

.9jlJLxill jl^VI 

nodal zone —volume of concrete around a node that is assumed 
to transfer strut-and-tie forces through the node. 

sJjSjII ^Jijj (jl (jdjllj <UL.ij^l . 9J^I Ailala 

.9J^I 

node —point in a strut-and-tie model where the axes of the struts, 
ties, and concentrated forces acting on the joint intersect. 

(^jillj clj|JlA,illj ^IS^I J|A,^Ij dj^jll 

.i^jl,iAll ^Jal^l d.axj Sj^jaII 

one-way construction —members designed to be capable of 
supporting all loads through bending in a single direction; see 
also two-way construction. 

(jja JLft^VI Cx5^ ^ _ al^VI (^.Jt^l fl.19 

.(j^L^I ^U^l Ui^i jiul al^l 

pedestal —member with a ratio of height-to-least lateral 
dimension less than or equal to 3 used primarily to support axial 
compressive load; for a tapered member, the least lateral 
dimension is the average of the top and bottom dimensions of the 
smaller side. 

jl (jja Jii It .9x^1 ^UjjVI (j.a Ajmu CjIJ d.^ll 

(^l^l Jx^l (j^ ^ '^ll 1^* ■t.‘l' 3 

.jL^VI ‘.'llyll ^jl‘‘"llj Ulxll JIxjVI Jxujla jA JsVI 


COMMENTARY 


one-way construction —^Joists, beams, girders, and some 
slabs and foundations are considered one-way construction. 


(jdSXij dl^l ^ 

.dl^Vl fUj jiAJ CjIuIa^VIj 
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plastic hinge region —length of frame element over which 
flexural yielding is intended to occur due to earthquake design 
displacements, extending not less than a distance h from the 
critical section where flexural yielding initiates. 

jdaVI jkojC’ Jjla - (jjU 

(ja ^LaaI) li V Ajaaa^^jII 

post-tensioning —method of prestressing in which prestressing 
reinforcement is tensioned after concrete has hardened. 


^ ^JjaaaII ^ ^ 

precompressed tension zone —^portion of a prestressed member 
where flexural tension, calculated using gross section properties, 
would occur under service loads if the prestress force was not 
present. 


diJaA (_jauia 1 | (JA ^- ^JjaaaII JaLiall AilalA 

JIa^I ilaaA ^JaLdl (j^'l <-v*. ,.1 j lij. ..-v a 

pretensioning —method of prestressing in which prestressing 
reinforcement is tensioned before concrete is cast. 


^^UAaII ^uLaJ JaA ^_^AAAa 1| ^ UAAill 

.AJLaj^I i_iAd 

projected area —area on the free surface of the concrete member 
that is used to represent the greater base of the assumed 
rectilinear failure surface. 




I jAOjxl jaJi ^cJ3aa1| ijiC’ ^Laa - aUsIuIA ^Laa 

_^jti^*<aA\t -ja*.. d‘“a\l .i\ d.^Ldl 


projected influence area —rectilinear area on the free surface of 
the concrete member that is used to calculate the bond strength of 
adhesive anchors. 


.A^Ad^l j^uUaaU lajjh ajS uLa^ jji ^ A \C*. .iaH 

pryout strength, concrete —strength corresponding to formation 
of a concrete spall behind short, stiff anchors displaced in the 
direction opposite to the applied shear force. 


fl ‘ ate a^Laj^ AjJa^ djS.ti'.t ^t^Alj dj^l - ^Laj^I ipryout 

_aI a.l-iA't (jaSUaI) ^iJaIIj sjja^I 


COMMENTARY 
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reinforcement —steel element or elements embedded in concrete 
and conforming to 20.2 through 20.5. Prestressed reinforcement 
in external tendons is also considered reinforcement. 

20.2 ^ QA .I'tl 

Ulaji ^uluu .20.5 

reinforcement, anchor —^reinforcement used to transfer the 
design load from the anchors into the structural member. 

reinforcement, bonded prestressed —pretensioned 
reinforcement or prestressed reinforcement in a bonded tendon. 

ji La ^jL .I*. _ JuIjIaII jL^VI .I'.t) 

.Lji jidi liai 

reinforcement, deformed —deformed bars, welded bar mats, 
deformed wire, and welded wire reinforcement conforming to 
20.2.1.3, 20.2.1.5, or 20.2.1.7, excluding plain wire. 

.L.1^ 

‘20.2.1.7 ji ‘20.2.1.5 ji ‘20.2.1.3 f 

liliUSn (aLSiub 

reinforcement, nonprestressed —bonded reinforcement that is 
not prestressed. 

CxS^ Jajljloll j^dl .i*. 

reinforcement, plain —^bars or wires conforming to 20.2.1.4 or 
20.2.1.7 that do not conform to defnition of deformed 
reinforcement. 

V 20.2.1.7 ji 20.2.1.4 ji 

^jL .I'.tt uLjAJ ^ 

reinforcement, prestressed —prestressing reinforcement that 
has been tensioned to impart forces to concrete. 

reinforcement, prestressing —high-strength reinforcement such 
as strand, wire, or bar conforming to 20.3.1. 


ji (iilLoj ^jll.a CjIJ ^jL .i*. _ ..'.tl 

.20.3.1 a-» cjaljS 


COMMENTARY 


reinforcement, anchor —Anchor reinforcement is designed 
and detailed specifcally for the purpose of transferring anchor 
loads from the anchors into the member. Hair-pins are 
generally used for this purpose (refer to 17.4.2.9 and 
17.5.2.9); however, other confgurations that can be shown to 
effectively transfer the anchor load are acceptable. 


O^a^^xl ' * A.^ A ^ ^LoAaoAll ^jL .i*. _ jUaMM . 

\ji^A£' * ‘■v’.. .I*, j ^ jLomIaII dl^^l 

cjULoe jjla .dlj J-J i(17.5.2.9 j 17.4.2.9 t4! 

dLtfi d^^ jUftiMball d^ d4.aj ^j^Vl 


reinforcement, deformed —Deformed reinforcement is 
defned as that meeting the reinforcement specifcations in the 
Code. No other reinforcement qualifes. This definition 
permits accurate statement of development lengths. Bars or 
wire not meeting the deformation requirements or welded 
wire reinforcement not meeting the spacing requirements are 
“plain reinforcement,” for code purposes, and may be used 
only for spirals. 


^jL .I'.tl plijlujl .lap Lijx.a ^ jjl-v a\I ,.1 

dIjlaV Jjji V ^ 

^uLju ji cjUliala V lil^sLjiVI ji ^UojiVI .duull 

"Jaiuu ^jL^ JCUIll ■■'ll aLi* A A aj.v'a'1 

^ 1^ ..t .it 


reinforcement, supplementary —Supplementary 

reinforcement has a confguration and placement similar to 
anchor reinforcement but is not specifcally designed to 
transfer loads from the anchors into the member. Stirrups, as 
used for shear reinforcement, may fall into this category. 


u^J 't‘4j 2 ^LuaVI ~ ^LuaVI 

,J^LumII (JA dLo^Vl d^ d^^ jUftAOMil 

.‘Uill dJA (Jajas ^jL .I*. ^ A A ‘C*.. 
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COMMENTARY 


reinforcement, supplementary —^reinforcement that acts to 
restrain the potential concrete breakout but is not designed to 
transfer the design load from the anchors into the structural 
member. 



reinforcement, welded deformed steel bar mat —mat 

conforming to 20.2.1.5 consisting of two layers of deformed bars 
at right angles to each other welded at the intersections. 



■ -.UW .1^ 


reinforcement, welded wire —^plain or deformed wire fabricated 
into sheets or rolls conforming to 20.2.1.7. 

ji ^ ^ ‘J'-v .-'I ji 

.20.2.1.7 

Seismic Design Category —classifcation assigned to a structure 
based on its occupancy category and the severity of the design 
earthquake ground motion at the site, as defned by the general 
building code. Also denoted by the abbreviation SDC. 

JlkuVI ‘ LuluII tJcUl ‘ ‘ 


.SDC jL-aiiVI Je- JJi 


seismic-force-resisting system —^portion of the structure 
designed to resist earthquake effects required by the general 
building code using the applicable provisions and load 
combinations. 


LwlIaII ^ ^jlLa 

,JLa^Vl AAjixall 


seismic hook —hook on a stirrup, hoop, or crosstie having a bend 
not less than 135 degrees, except that circular hoops shall have a 
bend not less than 90 degrees; hooks shall have an extension of 
at least 6db, but not less than 75 mm. The hooks shall engage the 
longitudinal reinforcement and the extension shall project into 
the interior of the stirrup or hoop. 

135 ^ ji ji ^ 

90 Cf" (ji 

75 a® (A V u^j ‘ 6db a® lA V JlJlal cjUiiJl 

^llll JkU JjXull ^ (jij "''I ^ CjliSull ijiC' 


ji 
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shear cap —projection below the slab used to increase the slab 
shear strength. 


.j^aU Jiui Jallul - 

sheathing —material encasing prestressing reinforcement to 
prevent bonding of the prestressing reinforcement with the 
surrounding concrete, to provide corrosion protection, and to 
contain the corrosion-inhibiting coating. 

cilxj SjLa - ‘ 

.JSUiU ^La tJSUll Cta^l 

side-face hlowout strength, concrete —strength of anchors with 
deep embedment and thin side-face cover such that spalling 
occurs on the side face around the embedded head without 
breakout occurring at the top concrete surface. 
pUaxlIj ^Jxaxlj ^),aklj j^Lua^ll 
Jl^ 

.^bdj^l ^ jlxll ,|'I ^ jjjS 

spacing —center-to-center distance between adjacent items, such 
as longitudinal reinforcement, transverse reinforcement, 
prestressing reinforcement, or anchors. 

J.^Uxll (JM jSjaII jSjaII Qa 
, jI jl ^^.bajxll jl 

spacing, clear —least dimension between the outermost surfaces 
of adjacent items. 

.sjjlaJLdI j.i,dbxU <b^jLkll Jxj Jii — ^boll 

span length —distance between supports. 

special seismic systems —structural systems that use special 
moment frames, special structural walls, or both. 

ji ^ biljUal - <C*.,1* A,\<,y ^IjlJ <LaIiji 

specialty insert —predesigned and prefabricated cast-in anchors 
specifcally designed for attachment of bolted or slotted 
connections. 

1 A,AA*^iA C-i^l A6u.,a 

_<t-v jj 


COMMENTARY 


sheathing —Typically, sheathing is a continuous, seamless, 
high-density polyethylene material extruded directly on the 
coated prestressing reinforcement. 


d>Jba uLliull ba dJl£ - ‘ 

‘ aM a ^j\. djA^b,a 
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spiral reinforcement —continuously wound reinforcement in the 
form of a cylindrical helix. 


(JSaIu ^A\*,AA ^l4wu]| 

splitting tensile strength ifct) —tensile strength of concrete 
determined in accordance with ASTM C496 as described in 
ASTM C330. 


^ - (fct) .iuLlI ^jlLa 

■ASTM C330 J ^ ASTM C496 


steel element, brittle —element with a tensile test elongation of 
less than 14 percent, or reduction in area of less than 30 percent 
at failure. 

14 CH ^Ualwil ^ 

, AdAlj ^ 30 CH ^ ji (AuaII 


steel element, ductile —element with a tensile test elongation of 
at least 14 percent and reduction in area of at least 30 percent; 
steel element meeting the requirements of ASTM A307 shall be 
considered ductile; except as modifed by for earthquake effects, 
deformed reinforcing bars meeting the requirements of ASTM 
A615, A706, or A955 shall be considered as ductile steel 
elements. 

JsVI ^ 14 'UuiL Auill jU^I i 'Ili*. ,ii < 

^ 30 ^ ^Lui.a 

L.UA't, ALj*j ^ La ^UjIuL 5ljl2 ASTM A307 

^ *jt-v A\ 

\i^jA ^jVja j.,^LiiS A955 ji A706 i ASTM A615 4i.<^l>ah cjUlkla 

stirrup —reinforcement used to resist shear and torsion forces in 
a member; typically, deformed bars, deformed wires, or welded 
wire reinforcement either single leg or bent into L, U, or 
rectangular shapes and located perpendicular to, or at an angle to, 
longitudinal reinforcement. See also tie. 


La 'I ^ « <-v*. ....'t ^uluull - CjLjl&h 

^Lmj Lai ^ aj-vIaIi iiisLjjVI jl iil^LajVI ji ^ *jl-v ^UujVI 

i^jlJ ^ ji ji U ji L Jliaii (_jlj atmla ji SJ^Ij 

.JljAll LJiji jJah jlall jtaLaull ^1 


strength, design —nominal strength multiplied by a strength 
reduction factor ([). 


A-ajlLail iJjlaj i_J,aljtA ’^j^yScAA ‘LajlLall - A.j,ay«u-aa;ill *La 


COMMENTARY 


steel element, brittle —The 14 percent elongation should be 
measured over the gauge length specifed in the appropriate 
ASTM standard for the steel. 

14 ^UaluiVI o^La£ J:^) 

ASTIM J UAajLLall jLxaII Jil^Mall ^UAaII 

steel element, ductile —The 14 percent elongation should be 
measured over the gauge length specifed in the appropriate 
ASTM standard for steel. Due to concerns over fracture in cut 
threads, it should be verifed that threaded deformed 
reinforcing bars satisfy the strength requirements of 25.5.7.1. 


^LLall Jjla 7l4 ^ II.it ijV.^1 

J.U 1 SII ^ ' ajl-v^ll ASTM J ay^jLlall jLilaII ^ 

4,4^^Lall AjjI^iaII ^jLijuII ^LajjI tA^jialAll 

.25.5.7.1 iJjUllaia 


stirrup —The term “stirrup” is usually applied to transverse 
reinforcement in beams or slabs and the term “ties” or 
“hoops” to transverse reinforcement in compression 
members. 

Cj|j.>ill ^ ^uluull ijiC' "cliljlill" La - CjLjl£ll 

jAaaLfc ^ ^J*ll "JIjlaVI" ji "iJjlJljAll" jdkuia .j iJjUaiUl ji 

.Jakuall 
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strength, nominal —strength of a member or cross section 
calculated in accordance with provisions and assumptions of the 
strength design method of this Code before application of any 
strength reduction factors. 


strength, required —strength of a member or cross section 
required to resist factored loads or related internal moments and 
forces in such combinations as stipulated in this Code. 

JLa^VI ji 

jk La£ dJA ^ ^ 

.Jjill IjA ^ <Ulc 


stretch length —length of anchor, extending beyond concrete in 
which it is anchored, subject to full tensile load applied to 
anchor, and for which cross-sectional area is minimum and 
constant. 

^ f Ijj La .^laj tjLaMiAlj Jjla - Jjla 

^laLall 4 jIaumII J,alill 

a t *4 <1 *4 

structural concrete —concrete used for structural purposes, 
including plain and reinforced concrete. 

iillj Laj at A tCt. atJtujj^l _ a^jt.,^j^| CjLJalall 

structural diaphragm —member, such as a floor or roof slab, 
that transmits forces acting in the plane of the member to vertical 
elements of the lateral-force-resisting system. A structural 
diaphragm may include chords and collectors as part of the 
diaphragm. 

fji J.MJ u j\ aUJajVI Jla tjJaC - fLi.^1 


COMMENTARY 


strength, nominal —Nominal or specifed values of material 
strengths and dimensions are used in the calculation of 
nominal strength. The subscript n is used to denote the 
nominal strengths; for example, nominal axial load strength 
Pn, nominal moment strength Mn, and nominal shear strength 
Vn. For additional discussion on the concepts and 
nomenclature for strength design, refer to the Commentary of 
Chapter 22. 

^ * 4-v'4 . LAjIajIj djU ji AaaaaVI - AuaujVI 

‘AaauVI Jalij 9 jLu^ n .CauVI uLul^ 

^IMn AaaaaVI ^Pn AaaaaVI SjA (JIaaII Ja^ 

djill ^^IaaII AaaSHaII (ja jjjaI .Vn AaaaaVI 

.22 ^tN^AJAAaM) 

strength, required —The subscript u is used only to denote 
the required strengths; for example, required axial load 
strength Pu, required moment strength Mu, and required shear 
strength Vu, calculated from the applied factored loads and 
forces. The basic requirement for strength design may be 
expressed as follows: design strength > required strength; for 
example, ^Pn > Pu, (j)Mn > Mu, ^Vn > Vu. For additional 
discussion on the concepts and nomenclature for strength 
design, refer to the Commentary of Chapter 22. 

lalli Sail y .1 ,,1 ^ ttjill 

^jxll dj2 4 Py C^^HoaI) dj^l Ja^ 4 JIaaII Ja^ 

Ja^^AaI) JIa^VI L>A ^4 4 'Yy d^J 4 ]V[y 

^^IaI) j^aI) djil) Aa4^i.,^^| ejUlialdl jaax^I Lj^aa 

, (^Pn > Pu', (^Mn > ‘SajUiaII sjill < Aaaaaa^aII sjS 

3jiU iliLiAAA^AlIj ^.^UaII Aa^IaaII iy> AaJaI .Mu', ^Vn> Vu 

.22 ^JAA 4Aaaaa.4^a1) 

stretch length —Length of an anchor over which inelastic 
elongations are designed to occur under earthquake loadings. 
Examples illustrating stretch length are shown in Fig. 
R17.2.3.4.3. 

AajaII ..yt ^ jIaaaaI) Jjla - JAaaII Jjla 

JAaaI) Jjia JSaaII JIaaII Jj.'‘ ‘"'VjA.ytt Ci^ 

R17.2.3.4.3 .jSAill j^jA 
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structural integrity —ability of a structure through strength, 
redundancy, ductility, and detailing of reinforcement to 
redistribute stresses and maintain overall stability if localized 
damage or signifcant overstress occurs. 

(jIjSllI dj.^ - 

i_ilj jIjiluVI ijiS’ SjIaV 


structural system —interconnected members designed to meet 
performance requirements. 

bVI CjUliald ^ 4jaj|j!La 

structural truss —assemblage of reinforced concrete members 
subjected primarily to axial forces. 




structural wall —wall proportioned to resist combinations of 
shears, moments, and axial forces in the plane of the wall; a shear 
wall is a structural wall. 


U^ljJ ~ J^*^) 


structural wall, ordinary reinforced concrete —a wall 
complying with Chapter 11 . 

,lt ~ 

structural wall, ordinary plain concrete —a wall complying 
with Chapter 14. 

structural wall, intermediate precast —a wall complying 
with 18.5. 


.18.5 ^ ~ jl.A^ 


structural wall, special —a cast-in-place structural wall in 
accordance with 18.2.3 through 18.2.8 and 18.10; or a precast 
structural wall in accordance with 18.2.3 through 18.2.8 and 
18.11. 

18.2.3 4 llaj jSjaII ^ lajaaoa jIja 

.18.11 j 18.2.8 18.2.3 j'->^ J' ^ 18.10 j 18.2.8 

strut —compression member in a strut-and-tie model 
representing the resultant of a parallel or a fan-shaped 
compression field. 


COMMENTARY 


structural wall, intermediate precast —Requirements of 
18.5 are intended to result in an intermediate precast 
structural wall having minimum strength and toughness 
equivalent to that for an ordinary reinforced concrete 
structural wall of cast-in-place concrete. A precast concrete 
wall not satisfying the requirements of 18.5 is considered to 
have ductility and structural integrity less than that for an 
intermediate precast structural wall. 

jl.1^ (ji 18.5 CjluUaldb Liujla jl^ 

liUj ijiC’ Jsiujlall 

Aj^ U>^ u'^ 18.5 CjUUaloj V 

structural wall, special —Requirements of 18.2.3 through 
18.2.8 and 18.11 are intended to result in a special precast 
structural wall having minimum strength and toughness 
equivalent to that for a special reinforced concrete structural 
wall of cast-in-place concrete. 

18.11 j 18.2.8 18.2.3 0- cjUlkull - o^Lill 

Jjlxj ij3 
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iaL^j Aiiala jLu ^ JaLua jmsC- - SJiSjl 

Jiw (jift ji ^ljl»ll 

strut, bottle-shaped —strut that is wider at mid-length than at its 
ends. 


strut-and-tie model —truss model of a member or of a D-region 
in such a member, made up of struts and ties connected at nodes 
and capable of transferring the factored loads to the supports or 
to adjacent B-regions. 

^ P) Aiiala jl j‘^a\ 

JLft^Vl djAlij A^l ^ Qa \\ 

,9B (jhlUD ji jjlSjll 

tendon —in post-tensioned members, a tendon is a complete 
assembly consisting of anchorages, prestressing reinforcement, 
and sheathing with coating for unbonded applications or ducts 
filed with grout for bonded applications. 

jl cjUjjladll ^ uLliuj t^^AatA 

.^1 jldl Aiajljxa 

tendon, bonded —tendon in which prestressed reinforcement is 
continuously bonded to the concrete through grouting of ducts 
embedded within the concrete cross section. 

^uluull iajj ^aII — JaaljILall - .uSill ^t^ 

.yjUujill 

tendon, external —a tendon external to the member concrete 
cross section in post-tensioned applications. 

CjlAjjlaj ^ jAidUiiU u^jiiS\ Au Jjl£ — lAuill 

,aA1| Jxj 

tendon, unbonded —tendon in which prestressed reinforcement 
is prevented from bonding to the concrete. The prestressing force 
is permanently transferred to the concrete at the tendon ends by 
the anchorages only. 

^ ^la ^ ^aII A^j Jjl£ — iaj|jl.a tAJiill JjLS 

^ ^Ia ajilj ^ Jal^jVl 

,ia^ Aallj Jjl£ 

tension-controlled section —a cross section in which the net 
tensile strain in the extreme tension steel at nominal strength is 
greater than or equal to 0.005. 


COMMENTARY 


tendon, external —In new or existing post-tensioned 
applications, a tendon totally or partially external to the 
member concrete cross section, or inside a box section, and 
attached at the anchor device and deviation points. 


At^l lAull Aaj ji sAjA^I cjlijjlalll ^ lAa^l Jjl£ 

d^lA ji jxll ^klall ji UlS 

latAjj duuih ^ ^laLdl 
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^ .1^1 Jlxiji <U2 (jj% ^JaLa - lull ^^aLn 

.0.005 ji (> jjSi AjauI 9ja lift 

tie —(a) loop of reinforcing bar or wire enclosing longitudinal 
reinforcement; a continuously wound transverse bar or wire in 
the form of a circle, rectangle, or other polygonal shape without 
reentrant corners enclosing longitudinal reinforcement; see also 
stirrup, hoop; (b) tension element in a strut-and-tie model. 

iillu ^^^1 iil^tuVI ^ 91-v _ ll.Vall 

^ I ^1 ^jjlaluA ^1 d^l.9 (JSu JA'Ual.a ilHu ^1 ^ 

^^Jjiall iAjlill Llajj jiall UJ*^ ^Lla.a 

,lllu-dj^j ^ Ia^I 

transfer —act of transferring stress in prestressing reinforcement 
from jacks or pretensioning bed to concrete member. 


lu^l ^cJaui ji tlibiiljll ijA ^JjuaII jI^VI ^^Aui ^ jL^VI - JlljlVI 

^1 ^^lAAoil 

transfer length —length of embedded pretensioned 
reinforcement required to transfer the effective prestress to the 
concrete. 


jL^VI ^^^HaaII ^^^jaaaII Ja^I j^^aLaII Jl^^IaII - JI^IjVI 

.^Iaaja^ JLilill 

two-way construction —members designed to be capable of 
supporting loads through bending in two directions; some slabs 
and foundations are considered two-way construction. See also 

one-way construction. 

ijA JLaaVI fS’i ijiC’ 9jjli A.AAA/iA ^LdCl - jJ ^LL 

jliji .(j^L^I jji ^LL CjIaaLaiVIj CjUa^t^l (Jauj ^ ^UajVI 

,l^lj sL^I jji ^LL Llaji 

wall —a vertical element designed to resist axial load, lateral 
load, or both, with a horizontal length-to-thickness ratio greater 
than 3, used to enclose or separate spaces. 

^1 d*9^l ^AjL&aI * a . >A a ^^AAlIj _ jl.^ 

JiA^ ji t3 ^LauII ^I Jjlall Ajaajj 

.CjL^IaaaII 

wall segment —portion of wall bounded by vertical or horizontal 

openings or edges. 

ji ^JjaC cil^ ji CjI&jS ^ ^JaLa 


COMMENTARY 
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wall segment, horizontal —segment of a structural wall, 
bounded vertically by two openings or by an opening and an 
edge. 

_4iUj 

wall segment, vertical —segment of a structural wall, bounded 
horizontally by two openings or by an opening and an edge; wall 
piers are vertical wall segments. 

wall pier —a vertical wall segment within a structural wall, 
bounded horizontally by two openings or by an opening and an 
edge, with ratio of horizontal length to wall thickness {(wlbw) less 
than or equal to 6.0, and ratio of clear height to horizontal length 
(hwKw) greater than or equal to 2.0. 

ji QuaaL List jll J 

ji ijM Jsi (j^wlbw) i^\ Jjia <U.uu ^ <V'ij 

ji {liwUw') yiaVl Jjiall i_^\ 1 6.0 

.2.0 

water-cementitious materials ratio —^ratio of mass of water, 
excluding that absorbed by the aggregate, to the mass of 
cementitious materials in a mixture, stated as a decimal. 

iillj pUjlwjlj (pLftll 42^ Ajmu - AjUomjVI - CiLdI 4.jAd 

La£ ^ t-ijt-v ^ AjIIaujVI 

work —the entire construction or separately identifiable parts 
thereof that are required to be furnished under the construction 
documents. 


t^ ji AXoSL pUdI - J.4xli 

,fUdl ^uj 

yield strength —specifed minimum yield strength or yield point 
of reinforcement; yield strength or yield point shall be 
determined in tension according to applicable ASTM standards 
as modifed by this Code. 

4ja^ jj 4_ajlLa Jsi - ^jdxkll A^j\^ 

ASTM J:B^4ud U2j Aja^j ji ^jdxkU A^ajlLa JjJad ^ 


COMMENTARY 


wall segment, horizontal —A horizontal wall segment is 
shown in Fig. R18.10.4.5. 

.R.10.10.4.5 jlaia - yiai ‘jliaJi jiaLa 


wall pier —Wall piers are vertical wall segments with 
dimensions and reinforcement intended to result in shear 
demand being limited by flexural yielding of the vertical 
reinforcement in the pier. 

jUjI cj|j jIj^I ^\ 1 a ^ jlJaJI jjlSj - jIj^I JjUj 

^uluull lyt fUaiVI ^.>uaa ^ Aau inj 
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CHAPTER 3—REFERENCED STANDARDS 


3.1—Scope 

3.1.1 Standards, or specifc sections thereof, cited in this Code, 
including Annex, Appendixes, or Supplements where prescribed, 
are referenced without exception in this Code, unless specifcally 
noted. Cited standards are listed in the following with their serial 
designations, including year of adoption or revision. 

JMI 3.1.1 

Laj ji j^U.a 11 jUij 1-1-3 

IJA ^Luluil ^ ji jj CjlSLdVI ^ 

^ ^ .J.1^ lAj£j ^ ^ La 

ji jLa^Vl iilij ^ Laj .iL ,A\\ CjUauuII 


3.2—Referenced standards 

3.2.1 American Association of State Highway and Transportation 
Offcials (AASHTO) 

LRFDUS-6—LRFD Bridge Design Specifcations, 6* Edition, 
2012, Articles 5.10.9.6, 5.10.9.7.2, and 5.10.9.7.3 
LRFDCONS-3—LRFD Bridge Construction Specifcations, 3rd 
Edition, 2010, Article 10.3.2.3 

- 3.2 

(AASHTO) ^Ijll 3.2.1 

2012^JI-JI LRFD - LRFDUS-6 

5.10.9.6, 5.10.9.7.2, and 5.10.9.7.3 5Jl- 
LRFDCONS-3—LRFD 
10.3.2.3 2010 J-ih <‘1-“ CjUJa-a 


COMMENTARY 

R 3—REFERENCED STANDARDS 
R3.1—Scope 

R3.1.1 In this Code, references to standard specifcations or 
other material are to a specifc edition of the cited document. 
This is done by using the complete serial designation for the 
referenced standard including the title that indicates the 
subject and year of adoption. All standards referenced in this 
Code are listed in this chapter, with the title and complete 
serial designation. In other sections of the Code, referenced 
standards are abbreviated to include only the serial 
designation without a title or date. These abbreviated 
references correspond to specifc standards listed in this 
chapter. 

- FI 3 

JUI R3.1 

ji Aj. .iljatl i ^ R3.1.1 

Auawu ^ A^^l (jji dJA^ Aa^.Li 

(AUa ^ Loj A^l jL^aII jUxaU 
^ A^^l Iaa ^ L^l jL^aII Aja^ ^ AJa^j 

QA (J“'L .I'.tl AjAA^t^ ^.4 1.^ 

ji (jjA JaaAuuII A,iaaau JaiS J^A^tl Aja^jaII j,uIaa1| ^ 

^ A.^jAa1| a j. ^ ^IjAJ aj.aa'.A A\t aAA 

.(JaasUI IaA 


R3.2—Referenced standards 

R3.2.1 Three articles of the AASHTO LRFD Specifcations 
for Highway Bridge Design (AASHTO LRFDUS) and one 
article of the AASHTO LRFD Construction Specifcations 
(AASHTO LRFDCONS) are cited in Chapters 2 and 25 of 
this Code. 

>mU1I - R3.2 

djlaA.^1^ 25j 2 L5^ 1”2“3 

AASHTO LRFD) AASHTO 

LRFDUS t> a=aIj Jliaj (AASHTO LRFD ^ 

(AASHTO LRFDCONS). 
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3.2.2 American Concrete Institute (ACI) 

301-10—Specifcations for Structural Concrete, Article 4.2.3 

318.2- 14—Building Code Requirements for Concrete Thin 
Shells and Commentary 

332-14—Residential Code Requirements for Structural Concrete 
and Commentary 

355.2- 07—Qualifcation of Post-Installed Mechanical Anchors in 
Concrete and Commentary 

355.4-11—Qualifcation of Post-Installed Adhesive Anchors in 
Concrete 

374.1-05—Acceptance Criteria for Moment Frames Based on 
Structural Testing 

423.7-14—Specifcation for Unbonded Single-Strand Tendon 
Materials 

550.3- 13—Design Specifcation for Unbonded PostTensioned 
Precast Concrete Special Moment Frames Satisfying ACI 374.1 
and Commentary 

ITG-5.1-07—Acceptance Criteria for Special Unbonded Post- 
Tensioned Precast Structural Walls Based on Validation Testing 
ITG-5.2-09—Requirements for Design of a Special Unbonded 
Post-Tensioned Precast Wall Sastifying ACI ITG-5.1 and 
Commentary. 

(ACI) 3.2.2 

4.2.3 SjUII JiJl CjlAldl CjlJJa-a - 10-301 
CjUliala - 14-318.2 
_ 14-332 

^ dflis - 07-2-355 

^ Aa^Al aA^^I - 11-355.4 

CjljUik'sh ij.\ iJlAul jjdl cliljUa^J JiAll jjjI*- - 05-374.1 

.iajljla aAII JjIS CjIaa^ - 14-7^423 

aIjImi ^ ..^1 A\i cjljUaV cjIaa^ - 13-550.3 

. j ACI 374.1 J "ISaj ^ljl« jAll lAll Aia.Vj 
Aia.Vj tJ-all A.^lill - ITG-5.1-07 

^ aIsjIjIaII aAII 

AjajljjAj aAII Al^Vj A^Luj jlA^ *j - ‘ cjUllala - lTQ-5.2-09 

. ITG-5.1 ACI 


3.2.3 American Society of Civil Engineers (ASCE) 

ASCE/SEI 7-10—Minimum Design Loads for Buildings and 
Other Structures, Sections 2.3.3, Load Combinations Including 
Elood Loads; and 2.3.4, Load Combinations Including 
Atmospheric Ice Loads 


(ASCE) 3.2.3 

I jiVi JjuA Jai _ aSCE / SEI 7-10 

‘ 2.3.4 j i i:jUUa^l JU^i dUj ^ Uj JUa.VI jj t 2.3.3 

uWll Jta&Vl 4l2j tu JIa&VI <-^Ija 


COMMENTARY 

R3.2.2 Article 4.2.3 of ACI 301 is referenced for the method 
of mixture proportioning cited in 26.4.3.1(b). Prior to 2014, 
the provisions of ACI 318.2 were specified in Chapter 19 of 
the ACI 318 Building Code. ACI 355.2 contains qualifcation 
requirements for testing and evaluating post-installed 
expansion and undercut anchors for use in both cracked and 
uncracked concrete. ACI 355.4 contains qualifcation 
requirements for testing and evaluating adhesive anchors for 
use in both cracked and uncracked concrete. ACI 423.7 
requires the use of encapsulated tendon systems for 
applications subject to this Code. 

LliJl ACI 301 u- 3-2-4 Jl\ jLiu 2-2-2 ? 

ACI 318.2 j*2 ‘2014 .(‘j) 1-3-4-26 J SjjSidI 

cjUlkl, Js. ACI 355.2 .ACI 318 (‘LLh ajS o- 19 J 

.>n .1^1 CjIaIAjjVIj CjbLujjAlj jLlkV 

(jift ACI 355.4 .AiiuiAll Aii»il»ll AjU^jiJl ^ Js 

^ ^ ..t .iM Al^^l j^Lui. 411 CjUllala 

A aU*! -1 ‘A*;, .it ACI 423.7 _A aa.tiAll 

.Ajill A« .lalA't AllLall aAII 
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3.2.4 ASTM International 

A36/A36M-12—Standard Specifcation for Carbon Structural 
Steel 

A53/A53M-12—Standard Specifcation for Pipe, Steel, Black and 
Hot-Dipped, Zinc-Coated, Welded and Seamless 
A184/A184M-06(2011)—Standard Specifcation for Welded 
Deformed Steel Bar Mats for Concrete Reinforcement 
A242/A242M-13—Standard Specifcation for HighStrength Low- 
Alloy Structural Steel 

A307-12—Standard Specifcation for Carbon Steel Bolts, Studs, 
and Threaded Rod 60000 PSI Tensile Strength 
A370-14—Standard Test Methods and Defnitions for 
Mechanical Testing of Steel Products 

A416/A416M-12a—Standard Specifcation for Steel Strand, 
Uncoated Seven-Wire for Prestressed Concrete 
A421/A421M-10—Standard Specifcation for Uncoated Stress- 
Relieved Steel Wire for Prestressed Concrete, including 
Supplementary Requirement SI, Low-Relaxation Wire and 
Relaxation Testing 

A500/A500M-13—Standard Specifcation for ColdFormed 
Welded and Seamless Carbon Steel Structural Tubing in Rounds 
and Shapes 

A501-07—Standard Specifcation for Hot-Formed Welded and 
Seamless Carbon Steel Structural Tubing 
A572/A572M-13a—Standard Specifcation for HighStrength 
Low-Alloy Columbium-Vanadium Structural Steel 
A588/A588M-10—Standard Specifcation for High-Strength 
Low-Alloy Structural Steel, up to 50 ksi [345 MPa] Minimum 
Yield Point, with Atmospheric Corrosion Resistance 
A615/A615M-14—Standard Specifcation for Deformed and 
Plain Carbon-Steel Bars for Concrete Reinforcement 
A706/A706M-14—Standard Specifcation for Deformed and 
Plain Low-Alloy Steel Bars for Concrete Reinforcement 
A722/A722M-12—Standard Specifcation for Uncoated High- 
Strength Steel Bars for Prestressing Concrete 
A767/A767M-09—Standard Specifcation for ZincCoated 
(Galvanized) Steel Bars for Concrete Reinforcement 
A775/A775M-07b(2014)—Standard Specifcation for Epoxy- 
Coated Steel Reinforcing Bars 

A820/A820M-11—Standard Specifcation for Steel Fibers for 
Fiber-Reinforced Concrete 

A884/A884M-14—Standard Specifcation for EpoxyCoated Steel 
Wire and Welded Wire Reinforcement 

A934/A934M-13—Standard Specifcation for EpoxyCoated 
Prefabricated Steel Reinforcing Bars 
A955/A955M-14—Standard Specifcation for Deformed 
and Plain Stainless-Steel Bars for Concrete Reinforcement 


COMMENTARY 

R3.2.4 The ASTM standards listed are the latest editions at 
the time these code provisions were adopted. ASTM 
standards are revised frequently relative to the revision cycle 
for the Code. Current and historical editions of the referenced 
standards can be obtained from ASTM International. Use of 
an edition of a standard other than that referenced in the Code 
obligates the user to evaluate if any differences in the 
nonconforming edition are signifcant to use of the standard. 
Many of the ASTM standards are combined standards as 
denoted by the dual designation, such as ASTM A36/ A36M. 
Eor simplicity, these combined standards are referenced 

without the metric (M) designation within the text of the 
Code and Commentary. In this provision, however, the 

complete designation is given because that is the official 
designation for the standard. 

^ ^ ASTM 4/3/3 

ASTM ^ ^ 

jLx.a ^ ^‘ ,Aua11x 11ASTM AjikjjUlIj 

La bljLa4a.j" ^ jLLall iillj jA 

.it dlijlwMlI AljUxall jA ^ ij\ iilUA iJl 

jtb La£ ASTM 

^ A.i ' aat. i . ' b .ASTM A36 / A36M 

Jjill ^ (1^) UJA ^'»-a>'all JJjU-all > jLaiVI 

jA lAit (jV J.al£ fUa&l ^ 
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A970/A970M-13a—Standard Specifcation for Headed 
Steel Bars for Concrete Reinforcement, including Annex A1 
Requirements for Class HA Head Dimensions 

A992/A992M-11—Standard Specifcation for Structiiral Steel 
Shapes 

A996/A996M-14—Standard Specifcation for Rail-Steel and 
Axle-Steel Deformed Bars for Concrete Reinforcement 
A1022/A1022M-14—Standard Specifcation for 
Deformed and Plain Stainless Steel Wire and Welded Wire for 
Concrete Reinforcement 

A1035/A1035M-14—Standard Specifcation for Deformed and 
Plain, Low-Carbon, Chromium, Steel Bars for Concrete 
Reinforcement 

A1044/A1044M-05(2010)—Standard Specifcation for Steel Stud 
Assemblies for Shear Reinforcement of Concrete 
A 1055 /A 1055 M- 10 e 1 —Standard Specifcation for Zinc and 
Epoxy Dual-Coated Steel Reinforcing Bars 
A1060/A1060M-14—Standard Specifcation for ZincCoated 
(Galvanized) Steel Welded Wire Reinforcement, Plain and 
Deformed, for Concrete 

A1064/A1064M-13—Standard Specifcation for CarbonSteel 
Wire and Welded Wire Reinforcement, Plain and Deformed, for 
Concrete 

A1085-13—Standard Specifcation for Cold-Formed Welded 
Carbon Steel Hollow Structural Sections (HSS) 

C29/C29M-09—Standard Test Method for Bulk Density 
(“Unit Weight”) and Voids in Aggregate 

C31/C31M-12—Standard Practice for Making and Curing 
Concrete Test Specimens in the Field 
C33/C33M-13—Standard Specifcation for Concrete 
Aggregates 

C39/C39M-14a—Standard Test Method for Compressive 

Strength of Cylindrical Concrete Specimens 

C42/C42M-13—Standard Test Method for Obtaining and 

Testing Drilled Cores and Sawed Beams of Concrete 

C94/C94M-14—Standard Specifcation for Ready-Mixed 

oncrete 

C144-11—Standard Specifcation for Aggregate for Masonry 
Mortar 

Cl 50/Cl SOM-12—Standard Specifcation for Portland Cement 
C172/C172M-14—Standard Practice for Sampling Freshly 
Mixed Concrete 

C173/C173M-14—Standard Test Method for Air Content of 
Freshly Mixed Concrete by the Volumetric Method 
C231/C231M-14—Standard Test Method for Air Content of 
Freshly Mixed Concrete by the Pressure Method 
C260/C260M-10a—Standard Specifcation for AirEntraining 
Admixtures for Concrete 

C330/C330M-14—Standard Specifcation for Lightweight 

Aggregates for Structural Concrete 

C494/C494M-13—Standard Specifcation for Chemical 


COMMENTARY 
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Admixtures for Concrete 

C496/C496M-11—Standard Test Method for Splitting Tensile 
Strength of Cylindrical Concrete Specimens 
C567/C567M-14—Standard Test Method for Determining 
Density of Structural Lightweight Concrete 
C595/C595M-14—Standard Specifcation for Blended 
Hydraulic Cements 

C618-12a—Standard Specifcation for Coal Fly Ash and Raw or 
Calcined Natural Pozzolan for Use in Concrete 
C685/C685M-11—Standard Specifcation for Concrete 

Made by Volumetric Batching and Continuous Mixing 
C845/C845M-12—Standard Specifcation for Expansive 
Hydraulic Cement 

ASTM International 3.2.4 
- A36 / A36M-12 
ijjLL.dlj.dl - A53 / A53M-12 

*j-v \ A j^lj iiljjllj 

^>-dl ^U-,i cjlL^l^dl A184 / A184M-06 (2011) 

AjLujjLII 

..u ^^a-v .A ‘Au 111jati cjLL^ljd) - A242 / A2421VI~13 

UajlLdj 

4 Cj^lSlj 4 jj.aL444Al jj. -iljatt CjLL^IjaI) - A307-12 

PSI 60000 -i ^ 

j jLjj^Vl (Jjla - A370-14 

jVjLl 

ALLa 4 jVjLl cj^lil ijjLLdljAll - A416 / A416]Vl-12a 

jL^VI ^ ^1.441 jLU Ajuj^ 

jdlx-dl jac. (jjVjLl (ilLdl tiLL^Ijdl - A421 / A421M-10 

‘Ar - 4 §|J ^IdaVl ulixdl idlj ^ Laj 4 A^JA44.a jL^VLj 

jVI jldilj (jdiLldl jVI 
LjLflll ijjjLjV A u jl /t' ) iiiLLAaljdl . A500 / A500M-13 
JLLaVIj fLI^Vl ^ ^ A 

A 4tj..iijati cjLL^IjaII - A501-07 

(jLldAill JjSAlllI ^ j 

jVjLl 4iLL^lj-ll - A572 / A572M-13a 

UajlLdl ^ .1 jj 

A%Adl jVjid 4iLLAalj.dl - A588 / A588M-10 

'LlaL (Jai 50 ksi [345 MPa] i_^\ 1-“ ‘ ^jLLdl AJaiLldl 

f ^ JSljll AdjlLa ^ 4^jAdL 

(jjl'^.a.') 4-iL.dll ^LaaiV AuaIa') diLLdljdl - A615 / A615M-14 

A^LAidl AjLaaijLU jjlxllj 

j 4Jji».dl i_iLAdl ^UaSI ^1^1 ijjLLAaljdl - A706 / A706M-14 

A^4444a1| ^IaaijLU iiljldAdl j .>iaA * A 

SilLa i_ii4Adl ijjLL^al jaII - A722 / A722M-12 

jL^VI ^ ^LaajLH 9jLI 

5di4-dl jVjLl ^u«bu tiiLLAaljdl - A767 / A767M-09 

A^4444a1| ^IaAIjLU iiljjllj *at-V 

jiAdill 4ilL^ljdl — (A775 / A775M-07b (2014 

^jAJiSj^VLj AdisAll AjJ.aLAl) 

SjLaajLU ^jVjLl tildiu ciLL^ljdl A820 / A820M-11 

LaaLIVLj .ia\i 

Adkdl Uajaldl uL^l CILL^Ijdl . A884 / A884M-14 


COMMENTARY 
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^UmjV A^Uill - A934 / A9341V1-13 

4jxila A^L^l - A955 / A9551V1-14 

4.^1wla11 

J\ CjIj tjilual! ^l^Sf cjLiua! jA\ - A970 / A970M-13a 

HA C>“0 cljUl^ald A1 ^3^^^ LS^ ^ ^Lyuj^II 

2^l^\ uAuaJ) A992 / A992M-11 

uiL^I cuL^l ^LmV A^L^l - A996 / A9961V1-14 

Ajjiiia J^\ (_Auall tiLiua! j^\ A1022 / A1022M-14 — 

4.^1ula 1| ^Lwdj^II iil^LyubUj j 


(_Auall ^L^Sf tiLiual>*H - A1035 / A1035M-14 

- (A1044 / A1044M-05 (2010 

^Lyuj^ ^ulwul 

^l^Sf - A1055 / A1055M-10^1 

^Jk^\ IajsAaW t-ii«all ja1\ - A1060 / A1060M-14 


i ^*jW^U (<L*iaW^\l^ 

j c^l - A1064 / A1064M-13 

^Lwdj^II ( ^jUJ) j t iibLwdVI 


- A1085-13 

(HSS) Jjy» ^ 

j ojj") jl^Vl - C29 / C29M-09 

jl! ^ cjliil>11 

^Luij^l jU2^1 4^bLaj A^l^l CjlijJalll — C31 / C311V1-12 

^iJ^l > 

5jL4a.> 1! > ^LSjil - C33 / C33M-13 

JaLJall ^jIIaI jL2^Vl A^jla - C39 / C391V[-14a 

^^l^^loudVl 

>J1 sijl ^ ^1^1 jLlkVl - C42 / C42M-13 

Ai^Luj^l jjM4^ IAjUj^Ij 

d>l^l ^Lbuj^l 4Jal^ A^l^l Cjli4^l.>ll - C94 / C941V1-14 
^j^^l ^i^iAAdL^l CjLi^l^ll - C144-11 

CilaxA^Sf 4-'^' C.li^l>*ll - C150 / C150M-12 
^Laj>J l AialLll iijLlic iiSf tjijLi^l _ C172 / C172M-14 

^jUall 

jialili ^ ^1^1 jUiVI Aij> - C173 / C173M-14 

jialili J ^1^1 jUiVI Aij> - C231 / C231M-14 

JaxJall ^jUall ^Luj^l 

SjLujiJi ^ (iljfll JjiJ gjiJl ^1^1 - C260 / C260M-10a 

5ju»>U uj^i (.iSjll ^1^1 - C330 / C330M-14 

CiL^iVI 

i-.ili'-vU it. jja'i ijjLL^l^^l - C494/C494IVI-13 
CiLiaJ iili Cijliil <^U11 jUliVl 3ijjia - C496 / C496M-11 

^ -yt ajLujj^i 

5i^ 4JL«ja-U 4il^l Jjjaol y-iUJl jUii.VI - C567 / C567M-14 

^UijVI oJj^' 

5aj>a 1I 5^5^U->4J A^biJl >»ll - C595 / C595M-14 


COMMENTARY 
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ji jjUi'iall jLa- C618 - 12a 

AjLuj^^^I ^jk *1 .N t ^jjiI^aII 

4ia*^ljj 4JL-jaJJ .C685 / C685M-11 

Ajj^xll 

cjliusljAll - C845 / C845M-12 


C989/C989M-13—Standard Specifcation for Slag 
Cement for Use in Concrete and Mortars 
C1012/C1012M-13—Standard Test Method for Length 
Change of Hydraulic-Cement Mortars Exposed to a Sulfate 
Solution 

C1017/C1017M-13—Standard Specifcation for Chemical 
Admixtures for Use in Producing Flowing Concrete 
C1077-14—Standard Practice for Laboratories Testing Concrete 
and Concrete Aggregates for Use in Construction and Criteria for 
Testing Agency Evaluation 
Cl 116/Cl 116M-10a—Standard Specifcation for 
FiberReinforced Concrete 

Cl 157/Cl 157M-11—Standard Performance Specifcation for 
Hydraulic Cement 

C1218/C 1218M-99(2008)—Standard Test Method for Water- 
Soluble Chloride in Mortar and Concrete 
C1240-14—Standard Specifcation for Silica Fume Used in 
Cementitious Mixtures 

C 1580 - 09 e 1 —Standard Test for Water-Soluble Sulfate in Soil 
C1582/C1582M-11—Standard Specifcation for Admixtures to 
Inhibit Chloride-Induced Corrosion of Reinforcing Steel in 
Concrete 

C1602/C 1602M-12—Standard Specifcation for Mixing 
Water Used in the Production of Hydraulic Cement Concrete 
C1609/C 1609M-12—Standard Test Method for Flexural 
Performance of Fiber-Reinforced Concrete (Using Beam with 
Third-Point Loading) 

D516-11—Standard Test Method for Sulfate Ion in Water 
D4I30-08—Standard Test Method for Sulfate Ion in 
Brackish Water, Seawater, and Brines 


. C989 / C989M-13 

CuIaujVIj 

cijli Jjlil - C1012 / C1012M-13 

^.uajXAll 

UaJiiuiAll CjUiliU ^1^1 iIilLal jaII - C1017 / C1017M-13 


-iljatl _ C1077-14 

JJjIxaIIj "''I <-v*. .iM' 

LiUSlb jill Cjli-Asl>41 - C1116 / Clil6M-10a 


ciiLu-yj ^1^1 (.uSn - C1157 / C1157M-11 

Jjlill <^1^1 jukvi (C1218 / C1218M-99 (2008 

ciuAuVl fL4l ^ 

'-'Iti'A't ^ i A ,1 a'1 KjU. .i'I jLkJ AAuibill CjLL,dl>4l - C1240-14 

AjUawjVI 


(S'Ldl ^ Aijlili jUiiiSh - C1580-09 e1 

ac. ^Ull'jsisll ijjUaliU cjLLasIjaII - C1582 / C1582M-11 

AjLuj^l ^ "''I AjjjIS 


COMMENTARY 
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jUij iilaJ ^1^1 >»ll-C1602 / C1602M-12 

AjUamjVI 

^UaJVI 9-W jbliVl - C1609 / C1609M-12 

Aialllj ^ dj«a^ *t -il^ ciU^L 

f.UJl ^ Cxii^ <^1^1 j'jji'Vl - D516-11 
^ ujjSU ^jLAII jUj^VI - D4130-08 

js^\ dU^j 

3.2.5 American Welding Society (AWS) 

Dl.l/Dl.lM: 2010—Structural Welding Code - Steel 
D1.4/D1.4M: 2011—Structural Welding Code - Reinforcing 
Steel 

(AWS) ^j-VI 3.2.5 
jVjill - (.Ulll JjS - Dl.l / Dl.lM: 2010 

Jjja. - j.La411 JjS - dI.4 / D1.4M: 2011 
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CHAPTER 4—STRUCTURAL SYSTEM REQUIREMENTS 
4.1—Scope 

4.1.1 This chapter shall apply to design of structural concrete in 
structures or portions of structures defned in Chapter 1 . 


.-.I ai.i*.' _ 4 

4.1 

j\ CjUjUD jji IjA 4.1.1 

y ^ fjji 


4.2—Materials 

4.2.1 Design properties of concrete shall be selected to be in 
accordance with Chapter 19. 


(.9^^ AjLuij^l jLu^l 4.2.1 

19 


4.2.2 Design properties of reinforcement shall be selected to be 
in accordance with Chapter 20. 


"''I ^ (J^sl jL^I 1-1^ 4.2.2 

T . J-aill 

4.3—Design loads 

4.3.1 Loads and load combinations considered in design shall be 
in accordance with Chapter 5 . 


iltaitainill JUftiSI - 4.3 

jUfcVl (J Uii.i j»2 JUa.Vl uuSIj2j JUa.VI u' 4.3.1 

a1-v\I j2.a CiJ^ 


COMMENTARY 

R4—STRUCTURAL SYSTEM REQUIREMENTS 
R4.1—Scope 

This chapter was added to the 2014 Code to introduce 
structural system requirements. Requirements more stringent 
than the Code provisions may be desirable for unusual 
construction or construction where enhanced performance is 
appropriate. The Code and Commentary must be 
supplemented with sound engineering knowledge, 
experience, and judgment. 


lal&JI - R4 

Jb-dl R4.1 

ij^t41ala 2014 (j^\ ^Llal Cluj 

ji CjUUaloll 

A^jfluu JLoSlul ,1^11.4 JJJ.4II fbYl ftj4l 


R4.2—Materials 

Chapter 3 identifes the referenced standards permitted for 
design. Chapters 19 and 20 establish properties of concrete 
and steel reinforcement permitted for design. Chapter 26 
presents construction requirements for concrete materials, 
proportioning, and acceptance of concrete. 


4l^l-R4.2 

19 3 AAAJ 

(jjajxj Aj (j^'l -^A 20j 

(camuIIj 4A^Ljj^^)^I fI j 4| cjUllaAA 26 


R4.3—Design loads 

R4.3.1 The provisions in Chapter 5 are based on ASCE/ SEI 
7. The design loads include, but are not limited to, dead loads, 
live loads, snow loads, wind loads, earthquake effects, 
prestressing effects, crane loads, vibration, impact, shrinkage, 
temperature changes, creep, expansion of shrinkage- 
compensating concrete, and predicted unequal settlement of 
supports. Other project-specifc loads may be specifed by the 
licensed design professional. 


JUftiSI- R4.3 

.ASCE / SEI 7 5 J (‘LSa.Yl I-3.4 ^ 

JIa^VI (Aj^I Y JIjaII (Auajaa^jII JIa^YI 

4^_^j.uAlj aI^.^Y 1 iJljljll JIa^I JIa^I iA^^I 

jl jaJi AajJ till i(jAlASjYlj i iAjial jll JIa^’I 

j^l ^jaaII i^Ia^jYU ^LjaYl ^jjajjj 

fjM ^jjijaaU dJA^ull ^j^Yl JLa^YI AjA^ AaSI^ja 


*J A. \1 i fljl-v A 
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4.4—Structural system and load paths 

4.4.1 The structural system shall include (a) through (g), 

as applicable: 

(a) Floor construction and roof construction, including one-way 
and two-way slabs 

(b) Beams and joists 

(c) Columns 

(d) Walls 

(e) Diaphragms 

(f) Foundations 

(g) Joints, connections, and anchors as required to transmit forces 
from one component to another 


qIjLmJ (^Ukiill |9l&JI - 4.4 
4.4.1 

cj|jj cjUa!:L lAlj ^ Lu " 

{z) 

(jljJaJl (J) 
cljLiwdLiudVl 


4.4.2 Design of structural members including joints and 
connections given in 4.4.1 shall be in accordance with Chapters 7 
through 18. 


iillj ^ Lftj j.^U9d) U-i% 4.4.2 

.18 cP! 7 liaj 4,4,1 ^ 


COMMENTARY 

R4.4—Structural system and load paths 
R4.4.1 Structural concrete design has evolved from 
emphasizing the design of individual members to designing 
the structure as an entire system. A structural system consists 
of structural members, joints, and connections, each 
performing a specifc role or function. A structural member 
may belong to one or more structural systems, serving 
different roles in each system and having to meet all the 
detailing requirements of the structural systems of which they 
are a part. Joints and connections are locations common to 
intersecting members or are items used to connect one 
member to another, but the distinction between members, 
joints, and connections can depend on how the structure is 
idealized. Throughout this chapter, the term “members” often 
refers to “structural members, joints, and connections.” 
Although the Code is written considering that a structural 
system comprises these members, many alternative 
arrangements are possible because not all structural member 
types are used in all building structural systems. The selection 
types of the members to use in a specifc project and the role 
or roles these member types play is made by the licensed 
design professional complying with requirements of the 
Code. 

jj .■v'.ti - R4.4 

fjji l-4~4 

(jA a ta*:... 

ji IjJJ 1 ^ 4 . 

tjA ji 

Ja^LLoI) 

jA^UaJl jl AjiJalilftll 

Ajuxa (jl 

^ " j.i.dUiill" ^iaj^A jAjiiA .LuIaU Aijjlall 

(ji ^jA jjJft ."iIiiLajllj jAaliAlIj ^LaIVI jAaLiill" (jlA^VI 0^ 

ijA JjJaII ijAdUxJl ^LaIVI (jl jIaacIj i.ajj£a Jjill 

^ ^UajVI ^JA-A *1 ^-v*:. .it ^ V 4 a£aa 

^ 1^ .1 \-v*. ..y jAdUAll AjA^ ^ .^LaIVI ^Ia^I JS 

4jA j.^Lkh ^ »j* I4A jijiA jIjJVI ji JjAlfj (jAAA £^JJAAA 

CAblialA ^ i flj'.-v . 

R4.4.2 In the chapter for each type of structural member, 
requirements follow the same general sequence and scope, 
including general requirements, design limits, required 
strength, design strength, reinforcement limits, reinforce ment 
detailing, and other requirements unique to the type of 
member. 

(A^UaaVI jAdUxJI ^ ^jA jAdill ^ 2-4-4 

^bdl CaUUsaaII dUj ^ Iaa ^Ualllj JaaIuuII Qjiil CaUUsaaII 

AjAalj AAAAAAdAll Aj^lj ajilij ^ajain'dl AjAalj 

aJAjS dll jlB'aj ^aIuiaII Jaa^Uaj 
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4.4.3 It shall be permitted to design a structural system 
comprising structural members not in accordance with 4.4.1 and 
4.4.2, provided the structural system is approved in accordance 
with 1.10.1. 


1-4-4 ^ ^ 4.4.3 

.1.10.1 ^la jJu i 2-4-4j 


4.4.4 The structural system shall be designed to resist the 
factored loads in load combinations given in 4.3 without 
exceeding the appropriate member design strengths, considering 
one or more continuous load paths from the point of load 
application or origination to the fnal point of resistance. 

u^ljj ^ 4.4.4 

^ 4.3 JLa^Vl 

Qji jI jLj&Vl 0^ .A^Vl 

aJsAj AaL^Vl Alalll) ji 

4.4.5 Structural systems shall be designed to accommodate 
anticipated volume change and differential settlement. 




COMMENTARY 

R4.4.3 Some materials, structural members, or systems that 
may not be recognized in the prescriptive provisions of the 
Code may still be acceptable if they meet the intent of the 
Code. Section 1.10.1 outlines the procedures for obtaining 
approval of alternative materials and systems. 


fjLu V <LdajVl ji ji (j^axj JJu 3*4-4 

Cuts IjI iajjAil ^ iAljJ&Vl 

uiC: ulCr 1.10.1 


R4.4.4 The design should be based on members and 
connections that provide design strengths not less than the 
strengths required to transfer the loads along the load path. 
The licensed design professional may need to study one or 
more alternative paths to identify weak links along the 
sequence of elements that constitute each load path. 

,^1 ijlC’ -j-R4.4.4 

A , jLai.a V 

ji jluM Cajljd t A 

, j£Aj JaAujj Jjia ^jiC' AijxAd) lajljjil 

R4.4.5 The effects of column and wall creep and shrinkage, 
restraint of creep and shrinkage in long roof and floor 
systems, creep caused by prestress forces, volume changes 
caused by temperature variation, as well as potential damage 
to supporting members caused by these volume changes 
should be considered in design. Reinforcement, closure strips, 
or expansion joints are common ways of accommodating 
these effects. Minimum shrinkage and temperature 
reinforcement controls cracking to an acceptable level in 
many concrete structures of ordinary proportions and 
exposures. Differential settlement or heave may be an 
important consideration in design. Geotechnical 
recommendations to allow for nominal values of differential 
settlement and heave are not normally included in design load 
combinations for ordinary building structures. 

^LoLjVIj cjljAb 5-4-4 

tCjLAajVl t aa. ..yt ^ ^LaIjVIj 

diljjAjll ^ jlklh j...dlALU 

(jA JXul) jI AUxaI) jl ^ 

.CjljAUll uIajIujV AxiLAil 
AALajjAII cjLAldj (jA AjAxII ^ 

diljlAcVI ji dijUldl uiuull 

A^AAAjVI ^kaAAill AaAj^^A^l ^ 

A^iAAAAa^\ uAljj ^ ^ ^ CjjLaIaII 
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4.4.6 Seismic-force-resisting system 

4.4.6.1 Every structure shall be assigned to a Seismic Design 
Category in accordance with the general building code or as 
determined by the authority having jurisdiction in areas without a 
legally adopted building code. 

djUi 4.4.6 

ji 4.4.6.1 

(jhlUl) Ld llsj 

^JUXji fUj 


4.4.6.2 Structural systems designated as part of the seismic- 
force-resisting system shall be restricted to those systems 
designated by the general building code or as determined by the 
authority having jurisdiction in areas without a legally adopted 
building code. 


djil) a 4.4.6.2 

.fU^I (jji XU9L4 flL 


4.4.6.3 Structural systems assigned to Seismic Design Category 
A shall satisfy the applicable requirements of this Code. 
Structures assigned to Seismic Design Category A are not 
required to be designed in accordance with Chapter 18. 

A ^ (ji 4.4.6.3 

.18 (> A 

4.4.6.4 Structural systems assigned to Seismic Design Category 
B, C, D, E, or E shall satisfy the requirements of Chapter 18 in 
addition to applicable requirements of other chapters of this 
Code. 


3 Aill ^ A\ (ji 4.4.6.4 

^.j J_j.ax.dl Cjldlaldl 13 CjhUa'u F ji E ji D ji C 

.JjSll li* Jj^aill ^ 


COMMENTARY 

R4.4.6 Seismic-force-resisting system 

R4.4.6.1 Design requirements in the Code are based on the 
seismic design category to which the structure is assigned. In 
general, the seismic design category relates to seismic risk 
level, soil type, occupancy, and building use. Assignment of a 
building to a seismic design category is under the jurisdiction 
of a general building code rather than this Code. In the 
absence of a general building code, ASCE/SEI 7 provides the 
assignment of a building to a seismic design category. 

R4.4.6 

^ ^ fjjtdJxLa 1-5-4-4 

^jImiaj 44-al& ,1^ LildI (j^jxj 

Cfi (jjjxdj *t ^-vi. .itj ^jxA^.dij Cjdi 

fUdI 4jalwj ilixj Aill 

ASCE / SEI 7 jSjJ (lUdl JjS Jja.j j»Jft 4JU 

'■aj.aaaa'il) <Uil 

R4.4.6.2 The general building code prescribes, through 
ASCE/SEI 7, the types of structural systems permitted as part 
of the seismic-force-resisting system based on considerations 
such as seismic design category and building height. The 
seismic design requirements for systems assigned to Seismic 
Design Categories B through E are prescribed in Chapter 18. 
Other systems can be used if approved by the building offcial. 

Jc. .ASCE / SEI 7 J5li u- 2-6-4-4 ^ 

Adijljll djll) 4-ajli.4 ^Ld^Vl 

,-il 2^ J^ ^^C- 

F u^\ B C}^ cjUll ^ a aUSu 

,^Udl Jjjjiju (JSlj Ul 4.dui JA'UJ .18 

R4.4.6.3 Structures assigned to Seismic Design Category A 
are subject to the lowest seismic hazard. Chapter 18 does not 
apply. 

Jai (_yll (>>2 yJljJjh A cjLiidi r-t-i-i 

.iSiialA V 18 J-aill .yjljlj jlai 

R4.4.6.4 Chapter 18 contains provisions that are applicable 
depending on the seismic design category and on the seismic- 
force-resisting system used. Not all structural member types 
have specifc requirements in all seismic design categories. 
Eor example. Chapter 18 does not include requirements for 
structural walls in Seismic Design Categories B and C, but 
does include special provisions for Seismic Design 
Categories D, E, and E. 

u^J ^ ijic: ^^jSaAA Lali^i 18 J...alll ijAuiti 4-6-4-4 

^tjUaxa AuUiiVI ji^^Uxll ^ ci 

V .JI^aII Jjja^ cjUa ^ cjUax-a 

42&lj .Cj B (IlUj ^ uU'^ cjUUala 18 

.F j Ej D cjUll 
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4.4.6.5 Structural members assumed not to be part of the seismic- 
force-resisting system shall be permitted, subject to the 
requirements of 4.4.6.5.1 and 4.4.6.5.2. 


^ 4.4.6.5 

.4.4.6.5.2 j 4.4.6.5.1 iiiUUalal llij ‘JJVjll 

4.4.6.5.1 In structures assigned to Seismic Design Category B, C, 
D, E, or F, the effects of those structural members on the 
response of the system shall be considered and accommodated in 
the structural design. 


‘D ‘C ‘B ^ ^ cjLildl 4.4.6.5.1 

^ j y' ■ "I ijlC' j.>idUxh liUj ^ jl^l ■" ‘ F ‘ E 

4.4.6.5.2 In structures assigned to Seismic Design Category B, C, 
D, E, or F, the consequences of damage to those structural 
members shall be considered. 

D ji C ji B (> 4jil cjLildl 4.4.6.5.2 

, j.>idljxll liliu jlj4aSh 1^1 jl^l 1-1^ ‘ F F 

4.4.6.5.3 In structures assigned to Seismic Design Category D, E, 
or F, structural members not considered part of the seismic-force- 
resisting system shall meet the applicable requirements in 
Chapter 18. 

i F F D 4,^ A ^ 4.4.6.5.3 

JjVjll ^ jA^Uxl) 

, 13 ^jLuh CjUUalAll 

4.4.6.6 Effects of nonstructural members shall be accounted for 
as described in 18.2.2.1 and consequences of damage to 
nonstructural members shall be considered. 


18.2.2.1 jA^Uxl) ^ 4.4.6.6 

j^l j.>.dUxAl jj4all ^Uuj 


COMMENTARY 

R4.4.6.5 In Seismic Design Categories D, E, and F, structural 
members not considered part of the seismic-forceresisting 
system are required to be designed to accommodate drifts and 
forces that occur as the building responds to an earthquake. 


j-aUxll iFj Fj D 5-6-4-4 

(ji A..4jli.4 (JA If V A^LbuVI 

.CjL^ljVl ubulwjV ^AAi^A 


R4.4.6.6Although the design of nonstructural elements for 
earthquake effects is not included in the scope of this Code, 
the potential negative effects of nonstructural elements on the 
structural behavior need to be considered in Seismic Design 
Categories B, C, D, E, and F. Interaction of nonstructural 
elements with the structural system—for example, the 
shortcolumn effect—had led to failure of structural members 
and collapse of some structures during earthquakes in the 
past. 

cj|jjjLlll (ji ^ ft -jll R4.4.6.6 

^ ^LwuVl AjLiU^iVI j.a^Ux11 

^ ^LuuVI j...dljih Jclki .F j ‘ E ‘D ‘C ‘B 

^jI - ( Jb^ll -< - ^L^Vl 

^ JjVjll Jiti ^LiuVI 
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4.4.7 Diaphragms 

4.4.7.1 Diaphragms, such as floor or roof slabs, shall be designed 
to resist simultaneously both out-of-plane gravity loads and in¬ 
plane lateral forces in load combinations given in 4.3. 

4.4.7 

,1 ji CjUa^slj JLa i_i^ 4.4.7.1 

^ ^jd4j ^ 

.4.3 j2 

4.4.7.2 Diaphragms and their connections to framing members 
shall be designed to transfer forces between the diaphragm and 
framing members. 


Jill jdaVI ^ ‘4.4.7.2 

.jUaVI ijM 


4.4.7.3 Diaphragms and their connections shall be designed to 
provide lateral support to vertical, horizontal, and inclined 
elements. 


j^Uxl <LuU^VI ‘4.4.7.3 

,^Laj Ajifiij 


4.4.7.4 Diaphragms shall be designed to resist applicable lateral 
loads from soil and hydrostatic pressure and other loads assigned 
to the diaphragm by structural analysis. 


^ JLa^Vl ^jli^l ^LluVl 4.4.7.4 

^LuuVI 3 ,^.^4..'I JLa^Vlj .ijj'1 lii 

.^LuuVI Jjl^iJi'l 


4.4.7.5 Collectors shall be provided where required to transmit 
forces between diaphragms and vertical elements. 


(j^ Jl.AAjV djjj<4all t->u A-v 4.4.7.5 

4.4.7.6 Diaphragms that are part of the seismic force resisting 
system shall be designed for the applied forces. In stractures 
assigned to Seismic Design Category D, E, and F, the diaphragm 
design shall be in accordance with Chapter 18. 


Sjill ijM ^ ‘ 4.4.7.6 

4 E 4[) Aufi A .aa.aaA cjL^ldl ^ 

,13 J‘^*" .jA.AA* ijjij (jl 4 F j 


COMMENTARY 

R4.4.7 Diaphragms—Floor and roof slabs play a dual role by 
simultaneously supporting gravity loads and transmitting 
lateral forces in their own plane as a diaphragm. General 
requirements for diaphragms are provided in Chapter 12, and 
roles of the diaphragm described in the Commentary to that 
chapter. Additional requirements for design of diaphragms in 
structures assigned to Seismic Design Categories D, E, and F 
are prescribed in Chapter 18. 


IkjjjA IjjA aj-vIa. ,i'Ij A^^jSh 4;AUa^t^l 4-ijiIi - Aaa^SII R4.4.7 

A .>a 1 A\t ^j14a4a 1| ^ Aj^,U-v\t J^j A^i^l JLft^Vl J^t^ tj-a 

i\2 Ja^I ^Ia^VI AAA^^U ‘-'I JIa'a'I J^JJ ^ ,^L4^i ^Laax£ 

iilUA ,J->Aa\t ^ A^Ia^VI Aaa^VI 

A .aa.aaA a'1 (IiLaIaII ^ ^Ia^VI A^Ia^VI aJa.aa*' A^LaasI ■"A JIa'a 

.18 J*^! F j E j D ('j AA Aal' l 


R4.4.7.5 All structural systems must have a complete load 
path in accordance with 4.4.4. The load path includes 
collectors where required. 

J l^j A1 aI£ jLaaa A^LaajVI AAttia^l 4 - 4 ^ 2.4.4.7 

_A-vl-v\t j-Aa a-v a Ja^I jIaAA iJAMSm .4.4.4 
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COMMENTARY 


4.5—Structural analysis 

4.5.1 Analytical procedures shall satisfy compatibility of 
deformations and equilibrium of forces. 


ijM (jsljlll (jl 4.5.1 


4.5.2 The methods of analysis given in Chapter 6 shall be 
permitted. 

,^j CxS^ (jjijLuh > jj£±4l JjiWll) ^JJ^a 4.5.2 

4.6—Strength 

4.6.1 Design strength of a member and its joints and connections, 
in terms of moment, axial force, shear, torsion, and bearing, shall 
be taken as the nominal strength Sn multiplied by the applicable 
strength reduction factor cf). 


4.6 

Qa i Aj ^ 4.6.1 

1^1 .Akjj i 1 ‘ tjill i 

,(|) AIjIsaI) J.alx.a ^ Sn 

4.6.2 Structures and structural members shall have design 
strength at all sections, cjjSn, greater than or equal to the required 
strength U calculated for the factored loads and forces in such 
combinations as required by this Code or the general building 
code. 


^)Ay ^ AaaaaaOa i411aj (jl 4.6.2 

J 1 ...y^n A ...y A\t U dj^l ^jLaJ ji Qa i (|)Sn 

fU4l JjS jl Jjill iAJb ^ u^^lixa jA La£ aAA Jla ^ 


R4.5—Structural analysis 

The role of analysis is to estimate the internal forces and 
deformations of the structural system and to establish 
compliance with the strength, serviceability, and stability 
requirements of the Code. The use of computers in structural 
engineering has made it feasible to perform analysis of 
complex structures. The Code requires that the analytical 
procedure used meets the fundamental principles of equilibrium 
and compatibility of deformations, permitting a number of 
analytical techniques, including the strut-and-tie method 
required for discontinuity regions, as provided in Chapter 6. 


^Ui^l Jtli-kill - R4.5 

JaIaIII jjJ Jaa^ 

.it Jgi^ ^ jljAlwlVI djUlialAJ AaLIIj (^jI^aIIj ^Ija^^I 

CaLaIaU JaI^ ^^4^1 0^ ^ JAJAAA^ll 

A^LaiVI ^Akl^AAll ^^IaIaaII (jf\ JajA4^ .Sa^xaI) 

i41j ^ IaJ 'AjUt.y'.tt Qji JAXJ ^AJAJ Iaa il^.^)jAJ 

Aa 1& ^jaaj.«^AAll ^JIsUaI A^jla 

.6 

R4.6—Strength 


The basic requirement for strength design may be expressed as 
follows; 

design strength > required strength c()Sn > U In the strength 
design procedure, the level of safety is provided by a 
combination of factors applied to the loads and strength 
reduction factors cf) applied to the nominal strengths. The 
strength of a member or cross section, calculated using standard 
assumptions and strength equations, along with nominal values 
of material 

strengths and dimensions, is referred to as nominal strength and 
is generally designated Sn. Design strength or usable strength 
of a member or cross section is the nominal strength reduced by 
the applicable strength reduction factor cf). The purpose of the 
strength reduction factor is to account for the probability of 
understrength due to variations of in-place material strengths 
and dimensions, the effect of simplifying assumptions in the 
design equations, the degree of ductility, potential failure mode 
of the member, the required reliability, and signifcance of 
failure and existence of alternative load paths for the member in 
the structure. This Code, or the general building code, 
prescribes design load combinations, also known as factored 
load combinations, which defne the way different types of 
loads are multiplied (factored) by individual load factors and 
then combined to obtain a factored load U. The individual load 
factors and additive 
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COMMENTARY 


combination reflect the variability in magnitude of the 

individual load effect, the probability of simultaneous 

occurrence of various load effects, and the assumptions and 
approximations made in the structural analysis when 
determining required design strengths. A typical design 
approach, when linear analysis is applicable, is to analyze the 
structure for individual unfactored load cases, and then 
combine the individual unfactored load cases in a factored 
load combination to determine the design load effects. 
Where effects of loads are nonlinear—for example, in 
foundation uplift—the factored loads are applied 
simultaneously to determine the nonlinear, factored load 
effect. The load effect includes moments, shears, axial forces, 
torsions, and bearing forces. Required strength or strengths 
are the maximum absolute values of negative and positive 
factored load effects as applicable. Sometimes, design 
displacements are determined for factored load effects. In the 
course of applying these principles, the licensed design 
professional should be aware that providing more strength 
than required does not necessarily lead to a safer structure 
because doing so may change the potential failure mode. For 
example, increasing longitudinal reinforcement area beyond 
that required for moment strength as derived from analysis 
without increasing transverse reinforcement could increase 
the probability of a shear failure occurring prior to a flexural 
failure. 


^jll4h.R4.6 

(|)Sn>U 

(|) 

jUjV AjauiVI (djlll ^jUxaII clLualjj&VI ^l^xlyuL 

.Sn AaaauI fjlC' (JIjaII A^jHaj 

^ ^;_^A£ajxII ^laiAll ji jA^Ixlj ^ ji AaAjIAa^III) 

JaIxa £)a ^ AaauiVI dj^l 

dj^i A^IajxI uIaax jib JaIxa ,(|) 

^ CjLialjjflVl ^ jIjaI) JIxjIj ^ 

^’OA^aI} Ja^I UjIaaIj (AjJ^I A^jJJ Ci^^\jLA 

JaxJI CjIjIaaa Ja^I A^jj^^Ij 

JIa^VI ^ jl 1.^ ,UjuaI} ^ j.<^lxll 








COMMENTARY 


ci&LJalj u^Ijj U^l 

^ ^ A.liluLAll Ja^I Cj^LalxAJ jLft^Vl 

^.liluiAll Ja^I (Jj^lsLa ,U 

iJiluiAll Ja^I j^Ij ^ ^LJaVl 

AjjI^IaII Cjljj.^illllj (JjLJaljIldVlj ^ J,4^| cIjIj^Ij 

Jlaiu Aj,^^IiaAll ^LwkjVl 

Jjld Jdl&Ull (jJ% l-4>^ ^aAA^lI) 

CJ^\^ ^ idJsu.^ ^UHuiaI) CjUuklftll 

Ja^I CjIj^Ij 4.^jj d.^9U.^ 

ij^ ^ 4 JI.I 4 II jLft^Vl clilj^lj (jJ^ Latllfr 

Ja^I j^Ij .l^lj Cjfij ^ d.^9U^All JLa^VI ^ - <^U.uU.u^ 

4Q^iI) ijj^j 4^jjxl) (Ja^I ^jAualL ,.^9 u.^aI1 

^ Aj^lk^ll djill jl djill .(Jj.a^'i^l tj^j 4«Jj}fIjUlVlj (^jillj 

. 1 I& 4^l^Vlj A^uiuill CjIj^LU 

Ja^I (JjIj^III 4a.4^AA^IlI) 4.^1 jVl ^ 4^L^V1 ( j ^ .fLiildVl 

(j^ ..^su^aI) 

Lila ^1 djjjiJallj V (jA j^l A»ajlL4ll '^J*^ U^ 

.JaI^aII Ja^I cP! U^ 

^jxlj ^jHaI udlj ^1 ^jiall ^uiuull ^.iialA dJl^ ^JlLalj 

jLaH^l .^jj ^1 qIaj ^^.A^jxll ^lAwuII dJbj (jj>^ 4 .^a11wiaI) 

.fU^Vl <^j.^ 
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4.7—Serviceability 

4.7.1 Evaluation of performance at service load conditions shall 
consider reactions, moments, torsions, shears, and axial forces 
induced by prestressing, creep, shrinkage, temperature change, 
axial deformation, restraint of attached structural members, and 
foundation settlement. 


4.7 

Jjjj jUjftVl (ji 4.7.1 

A^UHVl 


4.7.2 For structures, structural members, and their connections, 
the requirements of 4.7.1 shall be deemed to be satisfed if 
designed in accordance with the provisions of the applicable 
member chapters. 

4.7.1 CjEllala jfiaj CjUj.U'.' 4.7.2 

,^.J Jj.49LaI| IjI 


4.8—Durability 

4.8.1 Concrete mixtures shall be designed in accordance with the 
requirements of 19.3.2 and 26.4, considering applicable 
environmental exposure to provide required durability. 


iyUll 4.8 

dl&lj.a ^ i 26.4 J 19.3.2 CjUliajAl Cifij CjUal^l 4.8.1 

AjU.dj <, 5.^1 

4.8.2 Reinforcement shall be protected from corrosion in 
accordance with 20.6. 


.20.6 ^ ^uluUl i_i^ 4.8.2 


COMMENTARY 

R4.7—Serviceabi I ity 

Serviceability refers to the ability of the structural system or 
structural member to provide appropriate behavior and 
functionality under the actions affecting the system. 
Serviceability requirements address issues such as deflections 
and cracking, among others. Except as stated in Chapter 24, 
service-level load combinations are not defned in this Code, 
but are discussed in Appendix C of ASCE/SEl 7-10. 
Appendixes to ASCE/SEI 7 are not considered mandatory 
parts of the standard. 

-R4.7 

,^U^I t fl.lUjttj 

JLa JSL^.dl ^.^^1 ejUUala 
JLa^VI cijjAj ^ ^ ^24 3 ^ ka fUjlujlj 

ASCE C ^ 

o- ^Ijl! ASCE / SEI7 ./ SEI7-10 


R4.8—Durability 

The environment where the structure will be located will 
dictate the exposure category for materials selection, design 
details, and construction requirements to minimize potential 
for premature deterioration of the structure caused by 
environmental effects. Durability of a structure is also 
impacted by the level of preventative maintenance, which is 
not addressed in the Code. Chapter 19 provides requirements 
for protecting concrete against major environmental causes of 
deterioration. 


iyUll-R4.8 

lAlftll 

4JljV (3^1^ CjUlialaj 

^ ^jjauju LAlall ^U.4 liiaji LALdj ^ 

CjUllald 49 ^ 4 jUj ^ ^ 
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4.9— Sustainability 

4.9.1 The licensed design professional shall be permitted 
to specify in the construction documents sustainability 
requirements in addition to strength, serviceability, and 
durability requirements of this Code. 

4.9 

CjUliala 4.9.1 

(jjUliajAj 

4.9.2 The strength, serviceability, and durability requirements of 
this Code shall take precedence over sustainability 
considerations. 

.“.1 ai.i'.A ^ (ji 4.9.2 

4.10— Structural integrity 

4.10.1 General 

4.10.1.1 Reinforcement and connections shall be detailed to tie 
the structure together effectively and to improve overall 
structural integrity. 


- 4.10 

4.10.1 

A.JaxM UjU'I lajjl AX.aia ijjSj (ji 4.10.1.1 


4.10.2 Minimum requirements for structural integrity 


t-.i ai.i'.A j£t 4.10.2 

4.10.2.1 Structural members and their connections shall be in 
accordance with structural integrity requirements in Table 
4.10.2.1. 


j...dUjill (jjSj (ji 4.10.2.1 

.4.10.2.1 


COMMENTARY 

R4.9—Sustainability 

The Code provisions for strength, serviceability, and 
durability are minimum requirements to achieve a safe and 
durable concrete structure. The Code permits the owner or the 
licensed design professional to specify requirements higher 
than the minimums mandated in the Code. Such optional 
requirements can include higher strengths, more restrictive 
deflection limits, enhanced durability, and sustainability 
provisions 


4i»l4iM;il R4.9 

t-.i ^ aUsuaI) .^,^1 

t A jt Lila 

^ 4>a cjUliala 

^^jLlkVl ejUlialall iisx 

^Haj 

R4.10—Structural integrity 

R4.10.1 General 

R4.10.1.1 It is the intent of the structural integrity 
requirements to improve redundancy and ductility through 
detailing of reinforcement and connections so that, in the 
event of damage to a major supporting element or an 
abnormal loading, the resulting damage will be localized and 
the structure will have a higher probability of maintaining 
overall stability. Integrity requirements for selected structural 
member types are included in the corresponding member 
chapter in the sections noted. 

mUu^I iUUI - R4.10 
(.Ifi R4.10.1 

£jj‘ jk ^LUVl ^^L^l cjUllala ija (jijill R4.10.1.1 

^Uil JJA^} ^ i 

R4.10.2 Minimum requirements for structural integrity — 
Structural members and their connections referred to in this 
section include only member types that have specifc 
requirements for structural integrity. Notwithstanding, 
detailing requirements for other member types address 
structural integrity indirectly. Such is the case for detailing of 
one-way slabs as provided in 7.7. 

^UiuVl 5-a!jUJ! cjUkLil iaJl R4.10.2 
^ 4^LwuVl ja^UxII 

^ .^.^LauVI dJ.1^ l- 4 jA^UxIl 

^^LuuVl ^bu jA^Uad) 

dl^l ^ Jja^UIU AjAAillL JL^I jA 1.^ ,jA^l^ 

.7.7 ^j^jA^la jA La£ 
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Table 4.10.2.1—Minimum requirements for structural 
integrity 

jil .ViVI ‘LovLaiil <"11 (_Jal 4.10.2.1 


Table 4.10.2.1—Minimum requirements for 
structural integrity 


Member type 

Section 

Nonpiestressed two-way slabs 

8.7.4.2 

Prestressed two-way slabs 

8.7.5.6 

Nonprestressed two-way joist systems 

8.8.1.6 

Cast-in-place beam 

9.7.7 

Nonprestressed one-way joist system 

9.8.1.6 

Precast joints and connections 

16.2.1.8 


4.11—Fire resistance 

4.11.1 Structural concrete members shall satisfy the fire 
protection requirements of the general building code. 

- 4.11 

t-il 4.11.1 

4.11.2 Where the general building code requires a thickness of 
concrete cover for fire protection greater than the concrete cover 
specifed in 20.6.1, such greater thickness shall govern. 


fUafr iAauj fU4l 4.11.2 

^Lull a‘20.6.1 jAll ^Uakll Qm 

4.12—Requirements for specifc types of construction 

4.12.1 Precast concrete systems 

4.12.1.1 Design of precast concrete members and connections 
shall include loading and restraint conditions from initial 
fabrication to end use in the structure, including form removal, 
storage, transportation, and erection. 

$UI |>» OilJiM fl^il uLilaiM - 4.12 

‘-‘.4^1 AIjLuj 4.12.1 

^ ^ ft ;‘»^ (ji 4.12.1.1 

Laj ‘LmIaII ^ ..yt ^jVl (jA cijjia 

,i_aj£jjllj Jijllj tjJ jijllj liUj ^ 


COMMENTARY 


R4.11—Fire resistance 

Additional guidance on fire resistance of structural concrete 
is provided by ACI 216.1. 


R 4.11 

.ACI 216.1 


R4.12—Requirements for specifc types of 
construction 

This section contains requirements that are related to specifc 
types of construction. Additional requirements that are 
specifc to member types appear in the corresponding member 
chapters. 

jUJI t>» QUllaiill - R 4.12 

441ju.ftll CjUUalftll 

^Lull j.i.dUiill ijjAOi jitidUxll (JjUUalall 
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4.12.1.2 Design, fabrication, and construction of precast 
members and their connections shall include the effects of 
tolerances. 


(j\ 4.12.1.2 


4.12.1.3 When precast members are incorporated into a structural 
system, the forces and deformations occurring in and adjacent to 
connections shall be included in the design. 


t^LAjVl ^ 4.12.1.3 

4.12.1.4 Where system behavior requires in-plane loads 
to be transferred between the members of a precast floor or 
wall system, (a) and (b) shall be satisfed: 

(a) In-plane load paths shall be continuous through both 
connections and members. 

(b) Where tension loads occur, a load path of steel or steel 
reinforcement, with or without splices, shall be provided. 


^ ijiC’ JLa^VI j IaaIc 4.12.1.4 

J ' f-* ‘j'* "* i-iaoII AJjaia CjlAisAiAll 

(ja AiAdljla CjUa!:tJl Jaa^I CjIjLaa (jjS^ (ji 

.^LaIVI jAdUxlIj 

jI Ja^I jLaa IaaI& 

QjJj ji JA 

4.12.1.5 Distribution of forces that act perpendicular to the plane 
of precast members shall be established by analysis or test. 


(iJAulA Ijk. ^JjAft (JaXJ Jjjjj fUJ tji 4.12.1.5 

,jIjaaV 1 jl (JAjia AIaaaa 


COMMENTARY 


R4.12.1 Precast concrete systems —All requirements in the 
Code apply to precast systems and members unless 
specifcally excluded. In addition, some requirements apply 
specifcally to precast concrete. This section contains specifc 
requirements for precast systems. Other sections of this Code 
also provide specifc requirements, such as required concrete 
cover, for precast systems. Precast systems differ from 
monolithic systems in that the type of restraint at supports, 
the location of supports, and the induced stresses in the body 
of the member vary during fabrication, storage, 
transportation, erection, and the fnal interconnected 
confguration. Consequently, the member design forces to be 
considered may differ in magnitude and direction with 
varying critical sections at various stages of construction. For 
example, a precast flexural member may be simply supported 
for dead load effects before continuity at the supporting 
connections is established and may be a continuous member 
for live or environmental load effects due to the moment 
continuity created by the connections after erection. 


^ dilAllalAll ^AA^ (jAlajA - UAdll AIjLa ^LaijAII R4.12.1 

LAJUaIauI ^ ^ Ia jA^Uxllj A^AAAaI) aCaI^VI .^.^1 

4^La ijiC’ J^AAJ CaIaU91a1| (JAUJ (JaIsaJ tliUj ul\ 

jSjA La£ .UAdll ^IaAI aLaIuV .-.I aU'A IAA (iJA.^ 

^Uaall JiA dilAllalA Aj£ll lAA ^ ^LaSVI 

'tAluVI Cfi UAdll A^aLa aCaIuVI ‘ .UAdll A^AAAA aLJuV 
At^UIl CjjAL^Vlj Aa& AaaIaI) ^ aUajI^aaI) 

lalAlIj i^jLaaII iJLill i^jAja^l i^aIa^I ‘ St'-C' jA^Axll ^ 

AA jiHil jA^Uxh Aa^iaa^aI) .laAljAAlj 

J^IjA ^ A at'^-v A\t ^laliAll ^ dl^Vlj jIaLaI) (ja ‘ 

^Jaaaa j.«^Axl t.>j‘ ^ (JIaaII Jam 441 am 

aLa&IaII dj^L^jAll ^ ^jIjaaaaVI J^ AaaaII CaIj^I^ 

^Jxl Ijlu jl Ja^I CjIj^Ia ^ IjaIaia tjAaifr oJ% 

^jIaaI) AXA A^I^)a1ajV1 
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4.12.2 Prestressed concrete systems 

4.12.2.1 Design of prestressed members and systems shall be 
based on strength and on behavior at service conditions at all 
critical stages during the life of the structure from the time 
prestress is first applied. 

4.12.2 

±a^u 4.12.2.1 

Jji (3^^^ 

4.12.2.2 Provisions shall be made for effects on adjoining 
construction of elastic and plastic deformations, deflections, 
changes in length, and rotations due to prestressing. Effects of 
temperature change, restraint of attached structural members, 
foundation settlement, creep, and shrinkage shall also be 
considered. 


(jA ^ (ji 2^2^12^4 

La£ jL^Vl ‘yyt AjjaII 

^jA cjlj^b ^ 

_^jA<ft tejLujliMjVl 

4.12.2.3 Stress concentrations due to prestressing shall be 
considered in design. 


^ aI^VI uLuji-t aL^VI jA jlklll i_^ 4.12.2.3 

4.12.2.4 Effect of loss of area due to open ducts shall be 
considered in computing section properties before grout in post¬ 
tensioning ducts has attained design strength. 


‘yy; ^LuiaII (jlA^ J:iAb jUjcVI u'^ 4.12.2.4 

Axj La ^ grout ‘.*J‘ ^iakall ^j^L^k ^ A^jlkall 

AaaII 

4.12.2.5 Post-tensioning tendons shall be permitted to be external 
to any concrete section of a member. Strength and serviceability 
design requirements of this Code shall be used to evaluate the 
effects of external tendon forces on the concrete structure. 


^La A .UaII .iUaII ^laaaj 4.12.2.5 

jjj& ^ A^Akljj AajI^aII fjjt^tlalA ^jAkAujj 

LaaaII A^jlklj Aa^I 


COMMENTARY 

R4.12.2 Prestressed concrete systems —Prestressing, as used 
in the Code, may apply to pretensioning, bonded post 
tensioning, or unbonded post tensioning. All requirements in 
the Code apply to prestressed systems and members, unless 
specifcally excluded. This section contains specifc 
requirements for prestressed concrete systems. Other sections 
of this Code also provide specifc requirements, such as 
required concrete cover for prestressed systems. Creep and 
shrinkage effects may be greater in prestressed than in 
nonprestressed concrete structures because of the prestressing 
forces and because prestressed structures typically have less 
bonded reinforcement. Effects of movements due to creep 
and shrinkage may require more attention than is normally 
required for nonprestressed concrete. These movements may 
increase prestress losses. Design of externally post-tensioned 
construction should consider aspects of corrosion protection 
and fire resistance that are applicable to this structural 

system. 

i Al^Sh AIjLa AaIaC AS - Al^Sh ALLa ^Laj^I a aIa;! |^4.12.2 

ji IsjIjjaII Aa^Ij Aa^I AIjIaa t A^^l ^ A A .iA\t 

A^jaaaII AaIuVI Aj£f) ^ dAjl^l CjUUsjaII ^aa^ .IsjIjaa 

1.^ ,A.l^Aa d^AAj IAALijjaaI ^ La tljfc^AAal.AL^.^V1 

ijA ^LaiSVI a a 4. .1 ^La^)^! a AlA*y t-,1 ULi*, a 

A^aaaaI) a a1a*L1\ ^Uaj^I fUaxll tdAA^Aa cjUllalA ibaji A^^l 

^jHa ^^aaaaII aL^VI ^ ^LaljVlj (. 4^311 AS ,aL^V1 

^Vj (Al^.^Vl A^jaaa A^jaaa jAxll A^Laj^I CjUaaaIIj 

JajjjjA ^jL .1*, UJ% ^ dAl& aI^.^V1 A^jaaa CjIaaIaII 
jtb Laa ^La^VI L>a ^LaSjVlj Cjljblj 

ASijS IJA AjJj as .AL^VI A^Jaaa ^Laj^U 9Al£ ujUsA 

^Lj^ '.ja,aa*'I j^b 

^Ualll (J^bll fjA Ajl A-v\t ^ 
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4.12.3 Composite concrete flexural members 

4.12.3.1 This Code shall apply to composite concrete flexural 
members as defned in Chapter 2. 

4.12.3 

La£ (3^^^ 4.12.3.1 

.2 J* 

4.12.3.2 Individual members shall be designed for all critical 
stages of loading. 

*T^ 4.12.3.2 

4.12.3.3 Members shall be designed to support all loads 
introduced prior to full development of design strength of 
composite members. 

JLa^Vl 4.12.3.3 

ja^UxU 

4.12.3.4 Reinforcement shall be detailed to minimize cracking 
and to prevent separation of individual components of composite 
members. 

cjUjLdl UJ% 4-3~3~12-4 

4.12.4 Composite steel and concrete construction 
4.12.4.1 Composite compression members shall include all 
members reinforced longitudinally with structural steel shapes, 
pipe, or tubing with or without longitudinal bars. 


1.^^ jV.^1 4.12.4 

bt ,>iU i_^ 4.12.4.1 

4.12.4.2 The design of composite compression members 
shall be in accordance with Chapter 10. 


, JO uj% bi ,>iU 4.^j.dl jAdU&ll AjA.AA* 4.12.4.2 

4.12.5 Structural plain concrete systems 

4.12.5.1 The design of structural plain concrete members, both 
cast-in-place and precast, shall be in accordance with Chapter 14. 

^L^Vl 4.12.5 

AIaaam AjjIaII AjLajaJI ja^U& aja.aaI ( jjS ^ 4.12.5.1 


COMMENTARY 


R4.12.3 Composite concrete flexural members —This section 
addresses structural concrete members, either precast or cast- 
in-place, prestressed or nonprestressed, consisting of concrete 
cast at different times intended to act as a composite member 
when loaded after concrete of the last stage of casting has set. 
All requirements in the Code apply to these members unless 
specifcally excluded. In addition, some requirements apply 
specifcally to composite concrete flexural members. This 
section contains requirements that are specifc to these 
elements and are not covered in the applicable member 
chapters. 


CjL^ldl f UajI ja^U& R4.12.3 

J.aiLll AaIHa.! Cjliji ^ (j.a 


Qa dj^Vl 4 JLaija Jaj .lip 

La jA.dUAll ^ i-il ^Ia'a'I ,A£jAA3j.dl 

i-il i'Ia'a'I ijaxj iiiUj ,J.AAAa J^a^ jaAJLuIul ^ ^ 

dJ.lAAa t“'l aU'^A ^AAaill ^IaajaJI ja^U& J.rAAa 

jAdUxll iXjAOl ^ ^ jAdUxll 


R4.12.4 Composite steel and concrete construction —This 
Code only addresses composite steel and concrete columns 
within its scope. 


a±acbh aJA Jjtw - i.^ jaII jaIIj ^^1441 R4.12.4 

_l^allA* ^Iaa^)^I d.la&Vlj 
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4.13—Construction and inspection 

4.13.1 Specifcations for construction execution shall be in 

accordance with Chapter 26. 


- 4.13 

,26 4.13.1 

4.13.2 Inspection during construction shall be in accordance with 
Chapter 26 and the general building code. 


JjSj 26 ISaj ?l.£i cil o' 4.13.2 

4.14—Strength evaiuation of existing structures 
4.14.1 Strength evaluation of existing structures shall be in 
accordance with Chapter 27. 


- 4.14 

.27 Cij!^ u‘^ 4.14.1 


CHAPTER 5—LOADS 
5.1—Scope 

5.1.1 This chapter shall apply to selection of load factors and 
combinations used in design, except as permitted in Chapter 27. 


COMMENTARY 

R4.13—Construction and inspection 

Chapter 26 has been organized to collect into one location the 
design information, compliance requirements, and inspection 
provisions from the Code that should be included in 
construction documents There may be other information that 
should be included in construction documents that is not 
covered in Chapter 26. 


tailjiMiilljiUJI- R4.13 

t-.l aU’.Aj 26 ^ 

^ 1^ U (jji JlulaVI 

.26 

R4.14—Strength evaiuation of existing structures 

Requirements in Chapter 27 for strength evaluation of 
existing structures by physical load test address the 
evaluation of structures subjected to gravity loads only. 
Chapter 27 also covers strength evaluation of existing 
structures by analytical evaluation, which may be used for 
gravity as well as other loadings such as earthquake or wind. 

1*!^- R4.14 

3^jia Cjl.4u.dl Lajl^ 27 dJjl^l CjUAlajutl 

Jlu^bU 4 u^jau 11 CjLiLdl ^^1 ^Lj^l Ju^l jtd^l 

3^jia CjLuldl LajlLa 27 ,iai£ A^i^l 


R5—LOADS 
R5.2—Generai 

R5.2.1 Provisions in the Code are associated with dead, live, 
wind, and earthquake loads such as those recommended in 
ASCE/SEI 7. If the service loads specifed by the general 
building code differ from those of ASCE/SEI 7, the general 
building code governs. However, if the nature of the loads 
contained in a general building code differs considerably 
from ASCE/SEI 7 loads, some provisions of this Code may 
need modification to reflect the difference. 
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JUftiSI - 5 Jioall 

5.1 

^ ^ (j^ 5.1.1 

,27 ^ ^jAijLa jA La pUjImjIj . 

5.2—General 

5.2.1 Loads shall include self-weight; applied loads; and effects 
of prestressing, earthquakes, restraint of volume change, and 
differential settlement. 


5.2 

all!AiLhj'l JLa^Sh JLa^Sh 5.2.1 


5.2.2 Loads and Seismic Design Categories (SDCs) shall be in 
accordance with the general building code, or determined by the 
authority having jurisdiction. 


Jjsi (SDCs) JljJjll Cjua aii 2 J 5 . 2.2 

, 14 ! i 'j-v ..'I ji 

5.2.3 Live load reductions shall be permitted in accordance with 
the general building code or, in the absence of a general building 
code, in accordance with ASCE/SEI 7 


^ ji ^U4l JjiU llsj ■"'I ^lAuih ^ 5.2.3 

ASCE / SEI7 -1 uA (‘Lj 


COMMENTARY 

JUftiSI-R 5 

R5.2 

Aa^I JLa^VI JLa^VL ^ 1-2-5 

jIas.) caSLS lil .ASCE / SEI 7 J dJ2 JL, Jjvjllj 

.A A t 5'*A' JjS AJoaiIjj tJA&Ah 

Aa^ c . iitik i ijj iJllj jAj .Aa.jAll ^^LaJI jjS j»L»A I ASCE / SEI 7 
ASCE / SEI Cy> Aa.jAll j^a^I jjS ^ 

.(J^l JjAxaI u^l lAA ^Ia^ jH ij 

R5.2.2 Seismic Design Categories (SDCs) in this Code are 
adopted directly from ASCE/SEI 7. Similar designations are 
used by the International Building Code (2012 IBC) and the 
National Eire Protection Association (NEPA 5000 2012). The 
BOCA National Building Code (BOCA 1999) and “The 
Standard Building Code” (SBC 1999) used seismic 
performance categories. The “Uniform Building Code” 
(IBCO 1997) relates seismic design requirements to seismic 
zones, whereas editions of ACI 318 prior to 2008 related 
seismic design requirements to seismic risk levels. Table 
R5.2.2 correlates SDC to seismic risk terminology used in 
ACI 318 for several editions before the 2008 edition, and to 
the various methods of assigning design requirements used in 
the United States under the various model building codes, the 
ASCE/SEI 7 standard, and the National Earthquake Hazard 
Reduction Program (NEHRP 1994). Design requirements for 
earthquake-resistant structures in this Code are determined by 
the SDC to which the structure is assigned. In general, the 
SDC relates to seismic hazard level, soil type, occupancy, and 
building use. Assignment of a building to an SDC is under 
the jurisdiction of the general building code rather than this 
Code. 

jjM > j^Iaa lAA ^ (SDCs) CaIaS t A*i.Aai^ 2-2-5 

(IBC 2012) (‘LJI JjS a£Ua CaI^ j.JiAAU .ASCE / SEI 7 
JjS fiiiiAil .(NFPA 5000 2012) <3^1 jaJl AAL»ail A^.jll jllJ 
SBC ) (‘UaII JjS" j (BOCA (BOCA 1999 (‘LLlI 

t^! (IBCO 1997) (iUaJI JjS" .JljJjJl (‘UVl CaUs (1999 

ACI 318 ^ (jhl'All -tjA./a'ill CaI.i'B'u 

jW A .-.1 2008 

JjVjll jlaliA Cjl.->.lhj/aA.t SDC R5.2.2 
(jjlaJi ^2008 jIAas! tilljiAual »J*J ACI 318 ^.A'uaaII 

Sa^aaII CjIaV.,^! A^AkAALAll ^AArf^jll CjUIIsaa (JAJAaI a at'.A 
,.,Aiajh ^Lij4lj ASCE / SEI 7 lAiftkA.') A^ajaHI CjUjS 

dilAlkla JjJaA ^ .(NEHRP 1994) JJVJII jial^A ^ 
Ua14I ^ SDC Iaa ^ JJVjU CaLaiaU 

i^Ajill jlaill (^jIaiaj SDC Ji*Aj .14! 

AJaIaj Ca^ SDC (j^\ ^IaAaajIj iA^^^LLdlj 

A^^l Iaa a^.^) ^1441 
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Table R5.2.2—Correlation between seismic-related 
terminology in model codes 

ilibjSJI ^ bilj - R5.2.2 


Code, standard, or resource 
document and edition 

Level of seismic risk or assigned 
seismic performance or design 
categories as defined in the Code 

ACI318-08,ACI318-11,ACI 
318-14; IBC of 2000, 2003, 
2006, 2009, 2012; NFPA 5000 of 
2003, 2006, 2009, 2012; ASCE 
7-98, 7-02, 7-05, 7-10; NEHRP 
1997, 2000, 2003,2009 

SDC>'1 

A,B 

SDCC 

SDCD, 
E, F 

ACI 318-05 and previous 
editions 

Low 

seismic 

risk 

Moderate/ 

intermediate 

seismic risk 

High 

seismic 

risk 

BOCA National Building Code 
1993, 1996, 1999; Standard 
Building Code 1994, 1997, 1999; 
ASCE 7-93, 7-95; NEHRP 1991, 
1994 

Spcbl 

A, B 

spec 

SPC 

D,E 

Uniform Building Code 1991, 
1994, 1997 

Seismic 
Zone 0, 1 

Seismic 
Zone 2 

Seismic 

Zone 

3,4 


ri]SDC = seismic design category as defned in code, standard, or resource document. 

[2]SPC = seismic performance category as defned in code, standard, or resource 
document. 

ji jUxaII ji JjSlI ^ = SDC [1 

jiysA ji jUaII ji jjill ^ i»j US f IjVi Aja = SPC [2] 

In the absence of a general building code that prescribes 
earthquake loads and seismic zoning, it is the intent of 
Committee 318 that application of provisions for earthquake- 
resistant design be consistent with national standards or model 
building codes such as ASCE/SEI 7, 2012 IBC, and NEPA 5000. 
The model building codes also specify overstrength factors £L 
that are related to the seismic-force resisting system used for the 
structure and design of certain elements. 


JjVjll JU^i ^ 

AiAalkl) (JjiJa' tjjSj (ji j* 318 (jj (jijilt (j^ 

ji ^ L^Uja 

/till cjUjS .NFPA 5000 j IBC 2012 ‘ASCE / SEI 7 

A.ajI^ rio A.aj1^a 1) (IjjUlAA Uiajl A^J^^aH) 

,Aajaa ^aa.^j LaIa A A ^A*.. djU) 
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5.3—Load factors and combinations 
5.3.1 Required strength U shall be at least equal to the effects of 
factored loads in Table 5.3.1, with exceptions and 
additions in 5.3.3 through 5.3.12. 


JUftSSI ~ 5.3 

JLi^bU (IIIJSVI Jjjllaall (jjSj fj) (- 1 ^ 5.2.3 

5.3.3 (iiliUia'illj (iil^luujiSh ^ 5.3.1 

5.3.12. 


Table 5.3.1—Load combinations 


Load combination 

Equation 

Primary 

load 

U= I.4D 

(5.3.Ia) 

D 

(/= I.2D+ 1.6/. + 0.5(L,or5or/?) 

(5.3.1b) 

L 

U= \.2D+lMLrOTSoTR) + {\.0L orO.Sin 

(5.3.1c) 

Lr or S or £ 

U= I.2D+ 1.0IL+ 1.0Z. + 0.5(Z.,or5or/?) 

(5.3.1d) 

W 

U= I.2D+ 1.0£+ 1.0/. + 0.25 

(5.3.le) 

E 

i/ = 0.9Z)+ i.oir 

(5.3.10 

W 

U = 0.9D+\.0E 

(5.3.1g) 

E 


5.3.2 The effect of one or more loads not acting simultaneously 
shall be investigated. 


(laj ^ V ^^1 JL»a.VI (jM j^i ji J^lj (jjiaill (-1^ 5.3.2 


5.3.3 The load factor on live load L in Eq. (5.3.1c), 

(5.3.Id), and (5.3.le) shall be permitted to be reduced to 0.5 
except for (a), (b), or (c): 

(a) Garages 

(b) Areas occupied as places of public assembly 

(c) Areas where L is greater than 4.8 KN/m2 


j (5.3.1c), L J-l*- 5.3.3 

:(Z) (‘^) (') 0.5 i^\ (e5.3.1) j ‘ (d5.3.1) 

(IIIjUijill i_i2l^ ji ilil^lj£ll 
^Ixll ^LaL^ ^jX(La1| ^_^L1a1| ((^^ 

4.8 KN/m2 (> jjSi L 4^2 jlaLLdl (j) 


COMMENTARY 

R5.3—Load factors and combinations 
R5.3.1 The required strength U is expressed in terms of 
factored loads, or related internal moments and forces. 
Factored loads are the loads specifed in the general building 
code multiplied by appropriate load factors. The factor 
assigned to each load is influenced by the degree of accuracy 
to which the load effect usually can be calculated and the 
variation that might be expected in the load during the 
lifetime of the structure. Dead loads, because they are more 
accurately determined and less variable, are assigned a lower 
load factor than live loads. Load factors also account for 
variability in the structural analysis used to calculate 
moments and shears. The Code gives load factors for specifc 
combinations of loads. In assigning factors to combinations 
of loading, some consideration is given to the probability of 
simultaneous occurrence. While most of the usual 
combinations of loadings are included, it should not be 
assumed that all cases are 

covered. Due regard is to be given to the sign (positive or 
negative) in determining U for combinations of loadings, as 
one type of loading may produce effects of opposite sense to 
that produced by another type. The load combinations with 
0.9D are included for the case where a higher dead load 
reduces the effects of other loads. The loading case may also 
be critical for tension-controlled column sections. In such a 
case, a reduction in compressive axial load or development of 
tension with or without an increase in moment may result in a 
critical load combination. Consideration should be given to 
various combinations of loading to determine the most 
critical design condition. This is particularly true when 
strength is dependent on more than one load effect, such as 
strength for combined flexure and axial load or shear strength 
in members with axial load. If unusual circumstances require 
greater reliance on the strength of particular members than 
circumstances encountered in usual practice, some reduction 
in the stipulated strength reduction factors (|) or increase in 
the stipulated load factors may be appropriate for such 
members. Rain load R in Eq. (5.3.1b), (5.3.1c), and (5.3.Id) 
should account for all likely accumulations of water. Roofs 
should be designed with suffcient slope or camber to ensure 
adequate drainage accounting for any long-term deflection of 
the roof due to the dead loads. If deflection of roof members 
may result in ponding of water accompanied by increased 
deflection and additional ponding, the design should ensure 
that this process is self-limiting. Model building codes and 
design load references refer to earthquake forces at the 
strength level, and the corresponding load factor is 1.0 
(ASCE/SEI 7; BOCA (1999); SBC (1999); UBC (ICBO 
1997); 2012 IBC). In the absence of a general building code 
that prescribes strength level earthquake effects, a higher load 
factor on E would be required. 
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JUftiSI - F% 5.3 

ji (jft U Cjlkall Sjill jdkti^l jjxj -R5.3.1 

^ jLo^VI fjA JLa^VI .AL^I CjIj 

J. 4 IJL 4 II 4j^s<ilj .A^UaI) Cj^l.4lx.4 ^ 

j^b dJl& IaaIp ^1 ^,>4^ JH 

tAj^l jLo^VI ^ .LuuaI) jjiC' ^ ^jIaII jJuIIj J«ft^l 

,Aa^j jLft^VI ^ Jii Ja^I JaIjlaI Jfii j^j L^V Ij^ 

^LuuVl ^ ^1 biaji clj^LalxA 

CjI^ja^aI Ja^} Cj^Ixa J.^) iS^J uUa^ 

jl^Vl fUa&l ^ (Ja^I clj^lxA 4jj^ . 1 I& .JIa^VI (ja 

SjUxaII cA^ljUll ^iasLA Jl^Jl ^ ^ .•^Ij AjjJ& JLaH^V 

fUafrb ^LoilltVl .SUaiiA cliV^l V (Jaa&aU 

.^i (Ja^I u^ljill U ^ ^A^LaII ji A^^^aI)^ ^^UJl 

^ *J Aaaa£& t^lj^b ^1 (ji Ja^I 

^jA c^-iUaM Ja^I JIIj DO.9 ^ Ja^I jj Jl^ji 

J^^AxJ) ^JaliA^ Ll^i Jja^jII (jJ^ .iSJ^^^ JIa^VI Cjlj^b 

iaLJall Ja^ dlA Jla ^ .A4^l 

AJ^ja^ A^jj ^1 ^jadl ^ aJljj oJ-iJ j! ^ JJ^ t5 JJ^aII 

^oAt^illl Jaa^I ^ A.ilj^ u^ljj fUafrL ^LajAVI 

j^Ij j^l ^jlC’ ajil) XoJSJ La.1j& .^^aAI j^Vl 

^jIAa ji ^jj^aII Jaa^aIIj <.^jaI) ^jIIaI) Jla Ja^ 

^jlxll j^ uBjji^l tlijlS IjI .^j.j^a1| Ja^I ^ j.<^Ujd) 

^ uSjji^b ^jl^ (juja-oll jA^UaJ) ^jlC' j^l IjIaj&I 

Cj^lXA ^ 4jdli^Vl U^a&J (JjSi^ (SjUxaII ililLuiam ^ l^A^ljA 


clj^LalxA ^ dJbjll ji (|) ^jI^aI) 

^ (5.3.1b) Rj^aaII ^ja^ .jA^UaJl I^Ua oJiI^aII 

dl^l cIjIaSIjj ^ ^‘t *--i^ (d5.3.1) j ‘ ((5.3.1c 

A.^IjLA jIaJaI J jl jJ^IaJ ciiAuVl (j\ .AiAO^All 

,Aj^1 JLa^VI ^ Ajjjia djA^ ufljA^lI A^Ua 

bj^A^ fLoIl ^A^ ^1 LmaLaI) jA^U& djA^ iS"^^ U^ ^jIaaII £)a 1j1 

AaIaxII aIa ji ^jAuaj ji CA^ (^Lual ^a^j ajA^I ^ 

(^! Ja^I pUJi dJ.1^ 

ASCE / SEI) 1.0 > Je. JjVjJl 

2012 i (UBC (ICBO 1997 i (SBC (1999 i (BOCA (1999 i 7 
Jft JJVJil CjI Jb JJaj f.UJl f>lft JjS f>je Jjla, J .(IBC 

.b^^lia. (jj^j‘“ R J& J.aljL.a idjlll 


R5.3.3 The load modifcation factor in this provision is 
different than the live load reductions based on the loaded 
area that may be allowed in the general building code. The 
live load reduction, based on loaded area, adjusts the nominal 
live load (Loin ASCE/SEI 7) to L. The live load reduction, as 
specifed in the general building code, can be used in 
combination with the 0.5 load factor specifed in this 
provision. 
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5.3.4 If applicable, L shall include (a) through (f); 

(a) Concentrated live loads 

(b) Vehicular loads 

(c) Crane loads 

(d) Loads on hand rails, guardrails, and vehicular barrier systems 

(e) Impact effects 

(f) Vibration effects 


;(j) ijS (i) L u' 4*^ ‘<3^^ 5.3.4 

j.dl (i) 

JLa^Vl 

dll 

jijjavi dll jbb 

5.3.5 If wind load W is based on service-level loads, 1.61L shall 
be used in place of l.OW in Eq. (5.3.Id) and (5.3.If), and 0.8IL 
shall be used in place of 0.51L in Eq. (5.3.1c). 


i^.A^l ^ JL»a.vi (jlft AdiiLi ^ lS^ 0*^ b! 5.3.5 

J ‘ (f5.3.1) j (d5.3.1) ^Jl»-bl LOW (> Vjj L6 W f>ld»^l 
.(c5.3.1) ^Jl»-bl J0.5W 0- SlJj 0.8W 


COMMENTARY 


JU^VI diUajiv'.ll ^ IJA d.>^l J.alx.a i R5.3.3 

^ ^^1 A^iala ^1 bUli.ul Au^l 

^^.AAuVI (J.4^1 J.^ Aiiald ijUluil l^^^l Ja^I 

Ld 1<^'| (>aJl (.iJadi-l 0^ .L yJl (ASCE / SEI 7 LO) 

1^ ^ J.1^^1 0,5 J.aljL.a ^ ^ jA 


R5.3.5 ASCE/SEI 7 has converted wind loads to strength 
level and reduced the wind load factor to 1.0. The Code 
requires use of the previous load factor for wind loads, 1.6, 
when service-level wind loads are used. Eor serviceability 
checks, the commentary to Appendix C of ASCE/SEI 7 
provides service-level wind loads Wa. 

S^jlLdl ^l^l JUa.i JjjaJ 4> aSCE / SEI 7 R5.3.5 

J.a^l <-C*. ,il Jjill ,1,0 u^\ 

,^.1^1 .it (1,5 (^Ljll JLft^V ^U^l 

ASCE / SEI 7 

. yYa jiuw jLa^i 
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5.3.6 The structural effects of forces due to restraint of volume 
change and differential settlement T shall be considered in 
combination with other loads if the effects of T can adversely 
affect structural safety or performance. The load factor for T 
shall be established considering the uncertainty associated with 
the likely magnitude of T, the probability that the maximum 
effect of T will occur simultaneously with other applied loads, 
and the potential adverse consequences if the effect of T is 
greater than assumed. The load factor on T shall not have a value 
less than 1.0. 

^ 6^3^5 

X IjI ^ X 

^ X -1 JaIjla f bVl ji IaLa jjjj (ji 

J J^b blj.^ JLaA^Ij i X -1 ^bA!l^.All Js^JaII .^bil dlfljA 
|j| AIu&aII SjUlall 1 ^ JIa^SO ^ CjSj ^ X 

.1.0 'W® T jAiJl JaIxa tjjSj Vi .(jiJ aLaII (JA X JAaIa 

5.3.7 If fluid load F is present, it shall be included in the load 
combination equations of 5.3.1 in accordance with (a), 

(b), (c) or (d); 

(a) If F acts alone or adds to the effects of D, it shall be included 
with a load factor of 1.4 in Eq. (5.3.1a). 

(b) If F adds to the primary load, it shall be included with a load 
factor of 1.2 inEq. (5.3.1b) through (5.3. le). 

(c) If the effect of F is permanent and counteracts the primary 
load, it shall be included with a load factor of 0.9 in Eq. (5.3.Ig). 

(d) If the effect of F is not permanent but, when present, 
counteracts the primary load, F shall not be included in Eq. 
(5.3.1a) through (5.3. Ig). 

JIa^VI CjVaIjia ^ f Ja^ (jlS iJl 5.3.7 

^(•^) -s* (s) M ‘(a) 5.3.1 

4 [) L ji J.a 9 LJ P 4 lul£ IjI 

.(a5.3.1) ^ 1.4 jAk 

1.2 Ja^I ^I ^ F iJl (v) 

.(e5.3.1) (b5.3.1) J 

lLi£ljLaj l^lj F (S) 

.(g5.3.1) J 0.9 
^ V F Ja^I 4dJ^j .lIC' ^IJ F (^) 

.(g5.3.1) 5.3.1a J 


COMMENTARY 


R5.3.6 Several strategies can be used to accommodate 
movements due to volume change and differential settlement. 
Restraint of such movements can cause significant member 
forces and moments, such as tension in slabs and shear forces 
and moments in vertical members. Eorces due to T effects are 
not commonly calculated and combined with other load 
effects. Rather, designs rely on successful past practices using 
compliant structural members and ductile connections to 
accommodate differential settlement and volume change 
movement while providing the needed resistance to gravity 
and lateral loads. Expansion joints and construction closure 
strips are used to limit volume change movements based on 
the performance of similar structures. Shrinkage and 
temperature reinforcement, which may exceed the required 
flexural reinforcement, is commonly proportioned based on 
gross concrete area rather than calculated force. Where 
structural movements can lead to damage of nonductile 
elements, calculation of the predicted force should consider 
the inherent variability of the expected movement and 
structural response. A long-term study of the volume change 
behavior of precast concrete buildings (Klein and Lindenberg 
2009) recommends procedures to account for connection 
stiffness, thermal exposure, member softening due to creep, 
and other factors that influence T forces. Eintel et al. (1986) 
provides information on the magnitudes of volume change 
effects in tall structures and recommends procedures for 
including the forces resulting from these effects in design. 


CjIaIjVI ubululV (jA .LJxlj (j^AJ 6-3-5 ^ 

CjIaIjVI (.^aI .ejjlilAll 

Cjlia5t4l ^ Abilj JLa tAA^i.ll 

T CjljAb AaaUII V .AjAui^l j.^Uxll ^ 

.lA^ iiiiij (jA ^..^aaIi Cjij^b ^ 

^jA AiiljAA A jAdUc A.&^U1| ^.jAdLAll cjUjjiaj 

aIaj^UI AajI^aII J^Ja ^ (bjlilAll uIjuIujV 

JailjAAj JAaaI) ^ JIa^VIj JLa^5U 

^lAju .^LaaII CIiLaaaII ^Ui ijiC’ ^ 

La ^LI^VI JjLaAj jk aL^jJj ^lAliVI 

dj^l (jA SIaj ^LaaaII ^ AaaaLIaa 

(aAIj ^Aja AajLa^VI Cjl^ljbU (jSm .Ajjaa^aI) 

^j5LaI| Ja 4^) jljj&vi ^ Aa^JAaI) djU) CaLaa^ i^JA 

^AaII 4jjjia Aa.2jaa 1| ^j^Al 

(2009 A^aula A^Lui^)kll ^LaaU 

i_uaaj jUAj'j Alt.djll »1 £|ja1 

Fintel et al. (1986). jjjj JaIjxH (> Lajacj 

4^1x11 ^IiLuoaII Cjlj^b Jl^ diLa^^laLA 

^ 4.^Ull ^jlll JIAjI Cjlflj^b 
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5.3.8 If lateral earth pressure H is present, it shall be included in 
the load combination equations of 5.3.1 in accordance with (a), 
(b), or (c); 

(a) If H acts alone or adds to the primary load effect, it shall be 
included with a load factor of 1.6. 

(b) If the effect of H is permanent and counteracts the primary 
load effect, it shall be included with a load factor of 0.9. 

(c) If the effect of H is not permanent but, when present, 
counteracts the primary load effect, H shall not be included. 


^ i_^ 1 H 'I lajLua ^ 5.3.8 

:(c) j' (b) j' (a) -1 5.3.1 

‘ ji dJjiAj J.49 U IjI 

,1.5 J.abl..u 

d.alx.aj j^b ^jaSUjj IajIJ H J^b iJl 

.0.9 

(S) 

.H ^ V 

5.3.9 If a structure is in a flood zone, the flood loads and the 
appropriate load factors and combinations of ASCE/SEI 7 shall 
be used. 


Cj^talxAj jl <A*. Ill i^i-v A ,£jl ,>i A ^ all'.. ^ Luldl |j| 5.3.9 

.ASCE / SEI7 uuSlj2j 

5.3.10 If a structure is subjected to forces from atmospheric ice 
loads, the ice loads and the appropriate load factors and 
combinations of ASCE/SEI 7 shall be used. 


.it JLa^i (ja LaIaII ^jlajjtj iJl 5.3.10 

.ASCE / SEI 7 cjiLalxAj 


5.3.11 Required strength U shall include internal load effects due 
to reactions induced by prestressing with a load factor of 1.0. 

Cjlj^b U JaIau 5.3.11 

,1,0 Ja^ JaUaj Cfi A^Ulj 


COMMENTARY 

R5.3.8 The required load factors for lateral pressures from 
soil, water in soil, and other materials, reflect their variability 
and the possibility that the materials may be removed. The 
commentary of ASCE/SEI 7 includes additional useful 
discussion pertaining to load factors for H 


Cjlh Qm " Uji ,>iU Ja^I Cj^tAlxA R5.3.8 

^jAdajj ci^b^i ^jaSkjj i 

H J jAaJl CjiLabLAj (Jku ^U2al AAiaLlA ASCE / SEI 7 


R5.3.9 Areas subject to flooding are defned by flood hazard 
maps, usually maintained by local governmental jurisdictions. 


U ,,^1 , jUAH Jajijiu jlilA AxdalAll (jhlUl) A.s.s 

R5.3.10 Ice buildup on a structural member increases the 
applied load and the projected area exposed to wind. ASCE/ 
SEI 7 provides maps of probable ice thicknesses due to 
freezing rain, with concurrent 3-second gust speeds, for a 50- 
year return period. 


Aijixdl ija jj R5.3.10 

CjlSLAuii ASCE / SEI 7 AJsjjiaII Aaijldl ^LaaIIj 

3 i4^AA AIaIjaa ^ idJA^AAil jUaaVI AAaj^ 

,IaI& 50 ^aaI dJjlxA djilii 

R5.3.11 Eor statically indeterminate structures, the internal 
load effects due to reactions induced by prestressing forces, 
sometimes referred to as secondary moments, can be 
significant (Bondy 2003; Lin and Thornton 1972; Collins and 
Mitchell 1997). 

cjlj^b (jjij (ji CjLaaaII AjaaHIj R5.3.11 

JUiSh JjJJ (jc 4 a^U1| Ja^I 

‘ Bondy 2003) ^^aLa i ^jjbh bu^i jLbu i (JjaiaII 
.(Mitchell 1997 j Collins ^ Thornton 1972 j Lin 




101 


CODE 

5.3.12 For post-tensioned anchorage zone design, a load factor of 
1.2 shall be applied to the maximum prestressing reinforcement 
jacking force. 


1.2 ^ .Ixj 5.3.12 

^uluiUl iji 


CHAPTER 6—STRUCTURAL ANALYSIS 
6.1—Scope 

6.1.1 This chapter shall apply to methods of analysis, modeling 
of members and structural systems, and calculation of load 
effects. 

^Ui^l - 6 JidUl 

JM' 6.1 
6.1.1 

,JLa^Vl 


COMMENTARY 

R5.3.12 The load factor of 1.2 applied to the maximum 
tendon jacking force results in a design load of about 113 
percent of the specifed prestressing reinforcement yield 
strength, but not more than 96 percent of the nominal tensile 
strength of the prestressing reinforcement. This compares 
well with the maximum anchorage capacity, which is at least 
95 percent of the nominal tensile strength of the prestressing 
steel. 

Sjil iili JjIs ^ ^ 1.2 iiuii u! R5.3.12 

Sja Zll3 4je jajll 

AuawiVI ya Z96 O'* U^-3 ^ 

' djja ^ 

JjJaJ CauiVI 9ja ijA JjLdl ^ 95 


R6—STRUCTURAL ANALYSIS 
R6.1—Scope 

The structural analysis provisions of previous codes have 
been reorganized to clarify the analysis requirements of this 
Code. Section 6.2 provides general requirements that are 
applicable for all analysis procedures. Section 6.2.4 directs 
the licensed design professional to specifc analysis provisions 
that are not contained in this chapter. Sections 6.2.4.1 and 
6 .2.4.2 identify analysis provisions that are specifc to two- 
way slabs and walls. Section 6.3 addresses modeling 
assumptions used in establishing the analysis model. Section 
6.4 prescribes the arrangements of live loads that are to be 
considered in the analysis. Section 6.5 provides a simplifed 
method of analysis for nonprestressed continuous beams and 
one-way slabs that can be used in place of a more rigorous 
analysis when the stipulated conditions are satisfed. Section 
6.6 includes provisions for a comprehensive frst order 
analysis. Cracked sections and creep are included in the 
analysis. Section 6.7 includes provisions for an elastic 
second-order analysis. Inclusion of the effects of cracking and 
creep is required. 

Section 6.8 includes provisions for an inelastic, second order 
analysis. 

Section 6.9 includes provisions for the use of the fnite 
element method. 
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6.2—General 

6.2.1 Members and structural systems shall be permitted to be 
modeled in accordance with 6.3. 

,#U6.2 

.6.3 ^ t^J 1^ ^ 6.2.1 


6.2.2 All members and structural systems shall be analyzed for 
the maximum effects of loads including the arrangements of live 
load in accordance with 6.4. 


6.2.2 

.6.4 4 iillj ^ Lu JLft^bU 


6.2.3 Methods of analysis permitted by this chapter shall be (a) 
through (e): 

(a) The simplifed method for analysis of continuous beams and 
one-way slabs for gravity loads in 6.5 

(b) First-order in 6.6 

(c) Elastic second-order in 6.7 

(d) Inelastic second-order in 6.8 

(e) Finite element in 6.9 

Ijl\ (i) ijM li* I 4 J Jjlaall JjJa ^jjSj (ji 6 . 2.3 

JLt^bU .1^1 j ^ Aijjiall 

6.5 

6.6 (J ^jJ (s') 
6.7 6>4' - (s) 

6.8 oj^ (■^) 

6.9 _y.ajxl] (.A) 


COMMENTARY 


yiLilVl Jdkill - R6 
JLa-dl R6.1 

L-.1^1AIjLuJI jjSlI dJl£l Cloj 

6.2.4 

J 6.2.4.1 ^ Jjj V dJ.lA.All JaIaHI 

JjUjj dl^Vl jajj.4^1 6.2.4.2 


fUkjl ^ iiliLJaljIld} 5.3 

^ jl^Vl (j^ UJ^i JL4A.VI iJjUujj 5.4 

S^^aIwiaII CjIja^ 4^jjia 5.5 

J^Iaj ^ 4^1 J^lj dl^l ^ iiliUa^j Jl^Vl AiifwiA 

5.5 ^Auajj flijludj ^ La.lIC' j^i 

A^LaIaII ^JaliAll JlAjj ^ JaLa LaIS^I 

^ UJ*^^ Cali^i 5.7 ^jA^ajj ,JaIaaI| ^ 

jL^Jl cA,^^l2aA 

^ JjAaaI IaL^I 5.8 (jAtJaHj 

.JJ^aII j^^**^* 5.9 (y^JaHj 


R6.2—General 

R6.2.3 A frst-order analysis satisfes the equations of 
equilibrium using the original undeformed geometry of the 
structure. When only frst-order results are considered, 
slenderness effects are not accounted for. Because these 
effects can be important, 6.6 provides procedures to calculate 
both individual member slenderness (Pd) effects and 
sidesway (PA) effects for the overall structure using the frst- 
order results. A second-order analysis satisfes the equations 
of equilibrium using the deformed geometry of the structure. 
If the second-order analysis uses nodes along compression 
members, the analysis accounts for slenderness effects due to 
lateral deformations along individual members, as well as 
sidesway of the overall structure. If the second-order analysis 
uses nodes at the member intersections only, the analysis 
captures the sidesway effects for the overall structure but 
neglects individual member slenderness effects. In this case, 
the moment magnifer method (6.6.4) is used to determine 
individual member slenderness effects. Finite element 
analysis was introduced in the 2014 Code to explicitly 
recognize a widely used analysis method. 


laU R6.2 

d^AAl) (jjIjaI) CjVjIaaj ^jVl R6.2.3 

^JA ^ ^ La.1I& .IaaIaU d,^^AAA 

^jiAj dJA CJ^J caLwu^I ^ V 

A.Sl.^11) ^ (.aLa^ jdjJ 5.6 CiJ^ 

LaIaI) JaL£ 1 (AP) cjlj^bj (P§) 

iIjVjIjlaj A^IaII A.^jJ1| £)a JaI^ O'* 

An^jt^l IjI ^LwuaU d.^^AAAll 

Cjlj^b liajLuall iJic* ^J^lyuj 

^LiAaVb jA^Uad) A^l^l ujaiu 

^j^AhAj A^l^j A.^j.dl ^ (3:4^ JaL^ ^-4-U-^I JUjjVI 

JUajVI Cjlj^b J^L jA^Uadl CjUJaUj ^ 

^ dJA ^ Ja^ L4aaa1| 

Cjlj^b Jj,i^a1 (5.6.4) 

Jajddlj 2014 dJjJjLAll j.^U9d) JaI^ ^ 
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6.2.4 Additional analysis methods that are permitted include 
6.2.4.1 through 6.2.4.4. 


.6.2.4.4 6.2.4.1 l3 > 6.2.4 

6.2.4.1 Two-way slabs shall be permitted to be analyzed for 
gravity loads in accordance with (a) or (b): 

(a) Direct design method in 8.10 

(b) Equivalent frame method in 8.11 

ji J tiSj CjUa^t4l 1-4-2-6 

■(“) 

8.10 i}) 

8.11 jUaVl ^jla (v) 

6.2.4.2 Slender walls shall be permitted to be analyzed in 
accordance with 11.8 for out-of-plane effects. 

11 ,$ Lftl 2-4-2-6 

6.2.4.3 Diaphragms shall be permitted to be analyzed in 
accordance with 12.4.2. 


.12.4.2 J ^LiuVI jLAuu (ji i_^ 6.2.4.3 

6.2.4.4 A member or region shall be permitted to be analyzed and 
designed using the strut-and-tie method in accordance with 
Chapter 23. 

ji -j -‘-''j 4-4-2-6 

.23 

6.2.5 Slenderness effects shall be permitted to be neglected if (a) 
or (b) is satisfed: 

(a) For columns not braced against sidesway 

ji ^ |j| ^1^411 cj|j^b JLoAl ^ (ji 1-1^ 6.2.5 


—^i-<22 (6.2.5a) 

r 


(b) For columns braced against sidesway 


COMMENTARY 


R6.2.5 Second-order effects in many structures are 
negligible. In these cases, it is unnecessary to consider 
slenderness effects, and compression members, such as 
columns, walls, or braces, can be designed based on forces 
determined from frst-order analyses. Slenderness effects can 
be neglected in both braced and unbraced systems, depending 
on the slenderness ratio (kfulr) of the member. The sign 
convention for MilMi has been updated so that MilMi is 
negative if bent in single curvature and positive if bent in 
double curvature. This reflects a sign convention changes 
from the 2011 Code. The primary design aid to estimate the 
effective length factor k is the Jackson and Moreland 
Alignment Charts (Fig. R6.2.5), which provide a graphical 
determination of k for a column of constant cross section in a 
multi-bay frame (ACI SP-17(09); Column Research Council 
1966). Equations (6.2.5b) and (6.2.5c) are based on Eq. 
(6.6.4.5.1) assuming that a 5 percent increase in moments due 
to slenderness is acceptable (MacGregor et al. 1970). As a 
frst approximation, k may be taken equal to 1.0 in Eq. 
(6.2.5b) and (6.2.5c). The stiffness of the lateral bracing is 
considered based on the principal directions of the framing 
system. Bracing elements in typical building structures 
consist of shear walls or lateral braces. Torsional response of 
the lateral-force resisting system due to eccentricity of the 
structural system can increase second-order effects and 
should be considered. 


V ^ R6.2.5 

^ ^ 

Ijl] IjUlul ifjjiljsSh ji (jlJ.^1 ji dakJall 

^ j£ ^ JLoAl .^jVl ^j.41 ^ 

^ ^k£u / r) 

jjis ijj L2L.« Ml / M2 Ml / M2 

jjjlll tJCLiuu (jl ,2011 ^stxll JJJXJ 

jLuu ^tiaia4.4 |< Jlxlll J.alA.a 

Cjjb jiaia ^ Jj-aJ k 4 jSjj i (R6.2.5 

Column i (ACI SP-17(09) JJ*1. jUal 

^^\ jjiuu (c6.2.5) j (b6.2.5) cjVJla-bl , Research Council 1966) 

k iii jUJ ja ijjjiis , (MacGregor et al. 1970) 

JjlSjll jlfiftl fn .(c6.2.5) J ( (6.2.5b^Jl»-4l 1.0 

JjjIjII ,Cj|jUaVl 

(ji ji Qa ^UaII ^ 

^j£j.a5Ul 

^ lA^i ^bll ^jAII ^ Cjlj^bll dJbj ^LbuVl ^Ualll 

jUieVl 
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kl 

— <34+12(M,/M,) 
r 


(6.2.5b) 


and 


kl. 


"-<40 


(6.2.5c) 


where MilMz is negative if the column is bent in single 
curvature, and positive for double curvature. If bracing elements 
resisting lateral movement of a story have a total stiffness of at 
least 12 times the gross lateral stiffness of the columns in the 
direction considered, it shall be permitted to consider columns 
within the story to be braced against sidesway. 


^ Ml / M2 

I4J <ijI£ IjI 

^ (jji JiSh 12 

^ dl^Vl 

'I Aui 


6.2.5.1 The radius of gyration, r, shall be permitted to be 
calculated by (a), (b), or (c): 


(a) /• = 


(6.2.5.1) 


;(j) ji (s') {}) ‘T t 6.2.5.1 


(b) 0.30 times the dimension in the direction stability is being 
considered for rectangular columns 

tXacSU jU^VI ^ ^ 4x41 ija 0.30 (s') 

4l4aluL4 

(c) 0.25 times the diameter of circular columns 


Cjjlill sAaftbU jJaill 0.25 (s') 
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(ODE 


(OlVIMENTARY 



Nonsway Frames 



(b) 

Sway Frames 


'P = ratio of I(E///c) of columns to £(£///) of beams in a plane at one end of a column 
t = span length of beam measured center to center of joints 
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f - ratio of l(Ellte) of columns to l{Ellt) of beams in a plane at one end of a column 
I - span length ofbeam measured center to center of joints 
Fig.R6.2.5 Effective length factor ]l 

6.2.5.2 For composite columns, the radius of gyration, r, shall 
not be taken greater than; 


‘r t 2-5~2-6 

!(> 


l(£,4/5) + £,4 
]l(E^A/5) + E^A 


Longitudinal bars located within a concrete core encased by 
structural steel or within transverse reinforcement surrounding a 
structural steel core shall be permitted to be used in calculating 
Asx and Isx. 

jVjilb sUaLdI 31^ ^ 

jAsx aIjiU jxll JkiJ j\ 

Asx 

6.2.6 Unless slenderness effects are neglected as permitted by 
6.2.5, the design of columns, restraining beams, and other 
supporting members shall be based on the factored forces and 
moments considering second-order effects in accordance with 
6.6.4, 6.7, or 6.8. Mu including second-order effects shall not 
exceed 1.4M« due to frst-order effects. 


‘ 6.2.5 ^ ijiC’ tillj^b JLoAl ^ ^ La 6~2-6 

^jill ^1 ^^)4.VI ^..a&llll jA^UxlIj aJjAaII tIllj.aSdlj dI.a&VI tji 

tlfij A^bll ^j^l ijji tlilj^bil lAjLj&l Ikb ^^1 ^jjxllj 5.^11.1/3^11 
5ajj1i ^ tiilj^bll tiUj ^ Lu Mu .6.8 ji ‘ 6.7 ‘ 6.6.4 

^J^l t>a tillJ^bll t-iLUnJ 1 AMu ^bll 


COMMENTARY 

R6.2.5.2 Equation (6.2.5.2) is provided because the 
provisions in 6.2.5.1 for estimating the radius of gyration are 
overly conservative for concrete-flled tubing and are not 
applicable for members with enclosed structural shapes. 

6.2.5.1 SJjljll ijj^tll (2-5-2-6) ^Jl»-4l 2-5-2-6 

AajLuj^l t-i^L^U Iilj JSiij lUai^jia 

_it ali lit 5.j.lU^.lVI JISa^VI till j ji^Uxll Vj AIIjaaII 


R6.2.6 Design considering second-order effects may be based 
on the moment magnifer approach (MacGregor et al. 1970; 
MacGregor 1993; Ford et al. 1981), an elastic secondorder 
analysis, or a nonlinear second order analysis. Figure R6.2.6 
is intended to assist designers with application of the 
slenderness provisions of the Code. End moments in 
compression members, such as columns, walls, or braces, 
should be considered in the design of adjacent flexural 
members. In nonsway frames, the effects of magnifying the 
end moments need not be considered in the design of adjacent 
beams. In sway frames, the magnifed end moments should be 
considered in designing the adjoining flexural members. 
Several methods have been developed to evaluate slenderness 
effects in compression members subject to biaxial bending. A 
review of some of these methods is presented in Furlong et al. 
(2004). If the weight of a structure is high in proportion to its 
lateral stiffness, excessive FA effects, where secondary 
moments are more than 25 percent of the primary moments, 
may result. The FA effects will eventually introduce 
singularities into the solution to the equations of equilibrium, 
indicating physical structural instability (Wilson 1997). 
Analytical research (MacGregor and Hage 1977) on 
reinforced concrete frames showed that the probability of 
stability failure increases rapidly when the stability index Q, 
defned in 6.6.4.4.1, exceeds 0.2, which is equivalent to a 
secondaryto-primary moment ratio of 1.25. According to 
ASCE/SEI 7, the maximum value of the stability coeffcient 0, 
which is close to the ACI stability coeffcient Q, is 0.25. The 
value 0.25 is equivalent to a secondary-to-primary moment 
ratio of 1.33. Hence, the upper limit of 1.4 on the secondary¬ 
toprimary moment ratio was chosen. 
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COMMENTARY 


(jA jUjfrVl ^ .iHbuj R6.2.6 

MacGregor ^MacGregor et al. 1970) (^! 

ji (yi JjJaoi! j (Ford et al. 1981 -1993 

jA R6.2.6 (>a (ja 

^ Jj^l 

^ jl ^lj.1^1 jl d±4&Vl (iaLi^l ja^U& 

CjIj^Ij ^ V 3.1^ CjljUal ^ .djjL^All pU^VI 

^ .djjl^Alj f U^Vl ^ ^jjxll ^ <,5*^ 

4^jxaI 1 JaL^) jA^Ufr ^ CjIj^Ij 0^ .^.ixl} 

Furlong et ^UaJV 

i»ll oJj uLS IJI .al. (2004) 

^ j^l Aj^l^l ^jj^l (jj^ (d.ijlj AP U^ 

J'-^'^! ij‘‘\ AP ^^Jjluu iL^liaAll .A^LuiSfl Z25 

^Lujyi jljilwdVl ^1 J:!-^ l-A>a t(jjljiil Ji^ 

Hage j MacGregor) j^l .(Wilson 1997) jUil 

jljHuuVl ^ (Ja^ JLoj^I 4.^ibiu ^Lwij^ ^IjUai (1977 

^0.2 ^6.6.4.4.1 C5^ iQ jIjilbuVl JjI^jj La.llfr ^jA.iU JjJj 

ASCE / .1.25 cH '^iA-u'-A^Vl JjUj L# 

(j.# i0 jljiluuVl J^U-a i SEI 7 

^J>11 0.25 .0.25 ‘ jljai«.Vl J-l*- Q ACI 

1,4 <^1 ^ u**j .1.33 (JiS 

.A^Lw^Vl (^\ Aj^lUl ^ 





Neglect slenderness? 
V 62.5 / 


' Analyze ' 
columns as 
nonsway? 
6.2.5 or 6.6.4.3 


Only 1st- 
order analysis 
required 
6.6 


Slenderness effects 
at column ends 
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along column length 


Moment magnification 
method - sway frames 
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2'^-order analysis 
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6.8 - Inelastic 
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Moment magnification 
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Design column 
for 2'”-order 
moment 


Revise 

structural 

system 


Fig. R6.2.6—Flowchart for determining column slenderness effects. 
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6.3—Modeling assumptions 

6.3.1 General 

6.3.1.1 Relative stiffnesses of members within structural systems 
shall be based on reasonable and consistent assumptions. 


^^^1 - 6.3 

6.3.1 

■ "-^'1 6.3.1.1 


6.3.1.2 To calculate moments and shears caused by gravity loads 
in columns, beams, and slabs, it shall be permitted to use a model 
limited to the members in the level being considered and the 
columns above and below that level. It shall be permitted to 
assume far ends of columns built integrally with the structure to 
be fxed. 


tXacSh jll 6.3.1.2 

iilij dXo&Vlj jL^Vl ^ 

JIjaII LmIoI) ^ dApLILa 


6.3.1.3 The analysis model shall consider the effects of variation 
of member cross-sectional properties, such as that due to 
haunches. 


^laLdl (j^'l dilj^b jU^VI ^ ^ 6.3.1.3 


COMMENTARY 

R6.3—Modeling assumptions 

R6.3.1 General 

R6.3.1.1 Ideally, the member stiffnesses Ed and GJ should 
reflect the degree of cracking and inelastic action that has 
occurred along each member before yielding. However, the 
complexities involved in selecting different stiffnesses for all 
members of a frame would make frame analyses ineffcient in 
the design process. Simpler assumptions are required to defne 
flexural and torsional stiffnesses. For braced frames, relative 
values of stiffness are important. A common assumption is to 
use 0.5/g for beams and Ig for columns. For sway frames, a 
realistic estimate of I is desirable and should be used if 
second-order analyses are performed. Guidance for the choice 
of I for this case is given in 6.6.3.1. Two conditions 
determine whether it is necessary to consider torsional 
stiffness in the analysis of a given structure; 1) the relative 
magnitude of the torsional and flexural stiffnesses; and 2) 
whether torsion is required for equilibrium of the structure 
(equilibrium torsion) or is due to members twisting to 
maintain deformation compatibility (compatibility torsion). In 
the case of compatibility torsion, the torsional stiffness may 
be neglected. For cases involving equilibrium torsion, 
torsional stiffness should be considered. 

- R6.3 

R6.3.1 

sJlftl GJ J Ed i_i^ i A^Ull ijA R6.3.1.1 

JS Jjia 

jLu^l (jlS 

(Ja.^ (ji Ajlu ijA jUa^ j^Uafl ^ “'’■A ..'I 

Jauui CjLialjjSl ^ 1 ] lilUA ^ 

,A.a^ Xf-1. .i-vU .lUt UJ^ 4A.ag±4ll CjljUa^ AuatlL 

.dXogbU Jgj lgO.5 * ..j lilUA 

jLu^V ^ ^jaII (jm 

(jLS iJl La ^UalilUA .6.6.3.1 

■ -ilf.l..i-v' .■v-v'l UlLa J^ ^ jl^l 

Lulah (2 J ^UajVl 

laLiaJl j...dUafl ^ I jail gj.uaj ji ^(jjljloll ^IjalVI) 
.(atjUSh JLaAl fua JS i(jaljloll (atjalVI AJU ^ .((jaljloll ?ljaWl) 

a^Lai^ AaaljJ t^Jljloll ^IjalVI i^jlala ,_^l CaVl^il Auailla 

R6.3.1.3 Stiffness and fixed-end moment coeffcients for 
haunched members may be obtained from the Portland 
Cement Association (1972). 

a^La-^'lj ^^.all - ^lall ^jjall tlilsLalaai ^_jlg Jjad^l (jfiju R6.3.1.3 

.(1972) Al^jja Calaaai jL^I (ja ^jalall jiA^LlaAl 
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6.3.2 T-beam geometry 

6.3.2.1 For nonprestressed T-beams supporting monolithic or 
composite slabs, the effective flange width ft/shall include the 
beam web width bw plus an effective overhanging flange width in 
accordance with Table 6.3.2.1, where ft is the slab thickness and 
Sw is the clear distance to the adjacent web. 


'j' 6.3.2 

ji ^ ‘ .lU-v'.T- 6.3.2.1 

^ft/ Ulidl (jl 

}| ^6.3.2.1 AjdjLftll UlaJ) ^LJaVtj dj.a£h 

AIa^I) jlk iiLoAAj jA 

Table 6.3.2.1—Dimensional limits for effective 
overhanging flange width for T-beams 

T -»j-ih LJidl AiA^U jjUll (jijxh jIxjSII JjJa. - 6.3.2.1 JjA^I 


Flange location 

Effective overhanging flange width, beyond face 
of w eb 

Each side of 

web 

Least of; 

»h 

sJ2 


One side of web 

Least of: 

6h 

sJ2 

U\2 


6.3.2.2 Isolated nonprestressed T-beams in which the flange is 
used to provide additional compression area shall have a flange 
thickness greater than or equal to O.Sftw and an effective flange 
width less than or equal to 4bw. 


^A-. ..j AAjma 4 AX^ildj dj.4^11 U..^ u'^ ^-T-t 

0.5ftw ji A4 aa\\ ^Loaa A^L.^1 iaxJa A^lala LlaJi Ai^^) 

.4ftw (iji Jliiill Ai4Jl (jijft 

6.3.2.3 For prestressed T-beams, it shall be permitted to use the 
geometry provided by 6.3.2.1 and 6.3.2.2. 


A^aaAI^I AIxjVI *t ^A*,. .il j ^rt, in AAjaam ^ AlL^ 6.3.2.3 

.6.3.2.2 j 6.3.2.1 (jJJjAill A^a-isjAll 


COMMENTARY 


R6.3.2 T-beam geometry 

R6.3.2.1 In ACI 318-11, the width of the slab effective as a 
T-beam flange was limited to one-fourth the span. The Code 
now allows one eighth of the span on each side of the beam 
web. This was done to simplify Table 6.3.2.1 and has 
negligible impact on designs. 

T dR6.3.2 
l^l AiAill Ji, Jlxill AJaiUll 0^ ‘ ACI 318-11 J R6.3.2.1 
Js iji£i Q'i\ .AsLuidll UA^ T-beam 

JjAAAa Alj 6.3.2.1 JjA^I iillA ^ A2j ,dj.,Sll .ijtt A^aaU 

_*J A 

R6.3.2.3 The empirical provisions of 6.3.2.1 and 6.3.2.2 were 
developed for nonprestressed T-beams. The flange widths in 
6.3.2.1 and 6.3.2.2 should be used unless experience has 
proven that variations are safe and satisfactory. Although 
many standard prestressed products in use today do not 
satisfy the effective flange width requirements of 6.3.2.1 and 
6 .3.2.2, they demonstrate satisfactory performance. 
Therefore, determination of an effective flange width for 
prestressed T-beams is left to the experience and judgment of 
the licensed design professional. It is not always considered 
conservative in elastic analysis and design considerations to 
use the maximum flange width as permitted in 6.3.2.1. 

j 6.3.2.1 ^ SAjljll A,ui>^l cjuJaj R.3.3.2.3 

Uladl AiA^ll ^Al. .it i^i-vj _aI^.^V1 a a^i... a X 6.3 .2.2 

.A^Ai^l ^ ijjlaitii.'i;! (ji 'j! "iJ! 6.3.2.2J 6.3.2.1 (J 

A Aj. .iljatl aI^VI Qji AjAxll Q\ (jA ^jll 

‘ 6.3.2.2 6.3.2.1 (J JUill Jia jxll ijjUlkLaj ^ V fajJl 

Ulxll A4a^t\ Jlxlll ^jlajxh JAjfiA iiljj ^ iiillAl flAVl 

V I aj-.y^t Al^.^vi A\y.,A X Cj|j.alll 

A^l -t ^A*!. .it ^ Jjt-v'iU ^ LaalA 

.6.3.2.1 ^ jA La L4&1I Aia^'l Jlxill (j^jxU 
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6.4—Arrangement of live load 

6.4.1 For the design of floors or roofs to resist gravity loads, it 
shall be permitted to assume that live load is applied only to the 
level under consideration. 


R6.4—Arrangement of live load 

R6.4.2 The most demanding sets of design forces should be 
established by investigating the effects of live load placed in 
various critical patterns. 


ClllujllI - 5.4 

‘ j laaaaVI Qa 6.4.1 

,CaIjaII (ji (JasI 


- R6.4 

^ Ullaj Aaajaa^jII .-.IfcjA-v ^ jj.^ Oj R6.4.2 

laLAji ^ Cjlj^b 


6.4.2 For one-way slabs and beams, it shall be permitted to 
assume (a) and (b): 

(a) Maximum positive Mu near midspan occurs with factored L 
on the span and on alternate spans 

(b) Maximum negative Mu at a support occurs with factored L on 
adjacent spans only 


j ^.OAAJ iCjljA^lIj dl^l ^ AjaaiiHj 6.4.2 



6.4.3 For two-way slab systems, factored moments shall be 
calculated in accordance with 6.4.3.1, 6.4.3.2, or 6.4.3.3, and 
shall be at least the moments resulting from factored L applied 
simultaneously to all panels. 



L 6® ‘3-3-4-6 ji 2-3-4-6 j' 1-3-4-6 

^JA^ Axa^aII 

6.4.3.1 If the arrangement of L is known, the slab system shall be 
analyzed for that arrangement. 


iiUj ^ Aja^l4l (34^ L l~3~4-6 

6.4.3.2 If L is variable and does not exceed 0.75Z), or the nature 
of L is such that all panels will be loaded simultaneously, it shall 
be permitted to assume that maximum Mu at all sections occurs 
with factored L applied simultaneously to all panels. 

L o' j' ‘ 0.75D Vj sjjiia L 'jl 6.4.3.2 
^AA^ ^ Mu ‘ eAUa^sLlI Jaa-^j 

, CaU9^I^I ijiC’ A^Aij iliSjll ^ ».^»A/aA'l L. ^hltAll 
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6.4.3.3 For loading conditions other than those defned in 6.4.3.1 
or 6.4.3.2, it shall be permitted to assume (a) and (b): 

(a) Maximum positive Mu near midspan of panel occurs with 75 
percent of factored L on the panel and alternate panels 

(b) Maximum negative Mu at a support occurs with 75 percent of 
factored L on adjacent panels only 


-6 ji 1-3-4-6 lillj Jjft tSjiVI 3.3.4.5 

j (') I 4 J i 2-3-4 

AJLdl ^ 75 2-9 ‘ uj£ Mu ^\) 

^LlLdl diUa^Ull j 4 J 354 II ijiC’ 0*9 

L (J^ ^ 75 ‘ - 

CjUa5t4l ^ 


6.5—Simplifed method of analysis for nonprestressed 

continuous beams and one-way 

slabs 

6.5.1 It shall be permitted to calculate Mu and Vu due to gravity 
loads in accordance with this section for continuous beams and 
one-way slabs satisfying (a) through (e): 

(a) Members are prismatic 

(b) Loads are uniformly distributed 

(c) L<3D 

(d) There are at least two spans 

(e) The longer of two adjacent spans does not exceed the shorter 
by more than 20 percent 


Jl^Vl ^ 9j..lA A^jla - 5.5 

^IsLaI) Cifij JLa^VI Vu J IMu ^.aaajJ 6.5.1 

;(e) (i) 9 jaIuiaII dll ja£11 

..II 9 J^j AjjJaaUaII Jii^Uidl ^Ij 
A£-j^ Cx3^ JLft^VI 

L<3Dfe) 

OJjaj JaVI Ja.jj (J) 

4JU1I yi 20 (> jAflaVI (jjjjla^l jjaJi JjJa jjLji V (^) 

6.5.2 Mu due to gravity loads shall be calculated in accordance 
with Table 6.5.2. 


.2-5-6 jll JLa^VI c-i-UAj Mu ^ 6.5.2 


COMMENTARY 

R6.4.3.3 The use of only 75 percent of the full factored live 
load for maximum moment loading patterns is based on the 
fact that maximum negative and maximum positive live load 
moments cannot occur simultaneously and that redistribution 
of maximum moments is thus possible before failure occurs. 
This procedure, in effect, permits some local overstress under 
the full factored live load if it is distributed in the prescribed 
manner, but still ensures that the design strength of the slab 
system after redistribution of moment is not less than that 
required to resist the full factored dead and live loads on all 
panels. 

(JaI^II {_5^I (Ja^i 2)*9 ^99 4jLall 75 Ajaaj *t ..t u*.. ..j R6.4.3.3 

Ja^I cA 9J V AJi At aja.v Jaa^^I IsLajV 

^jJjill 9Jl*l (jij A^lj jjl ^ (ji A^jaIIj AJLaII 

^Ij^VI IjA A^ljll .JiA^I ULu ijjSj _-j.-Aall 

IsaIILj AajJjj ^ |j| .1«,aa9a'I JaLIII ,_,^I Ja^I CjaA 
9 Jl£l Jxj ^5411 Aaaaaa^I 9 jill (ji tillj ^ 

Aa^Ij Aa^I JIa^VI JaIS ^jHaI V ^Jtdl 

.CjUa^LlI 2 ^^ 

R6.5—Simplifed method of analysis for 

nonprestressed continuous beams and one-way 
slabs 

R6.5.2 The approximate moments and shears give reasonable 
values for the stated conditions if the continuous beams and 
one-way slabs are part of a frame or continuous construction. 
Because the load patterns that produce critical values for 
moments in columns of frames differ from those for 
maximum negative moments in beams, column moments 
should be evaluated separately. 


. 1 A j^l 9 jaaaaa1| aIiIjaSU IiaajaII J;4^a 1| A^jla - R6.5 

A^lj 9laAl ^ CjUa5Ullj 

iJl 9 AA^-a1I aIaVI.^ 4! ^jiiLA Ia^ A^j^I ^j^^I R6.5.2 

^LL jl jUal QA A^lj 9l^l CjUa^UlIj SjaaaaaII cliljAill ClulS 

9AA&i ^ ^jjaH ^^1 Jaa^^I JalAjj 2)^ Iji^ .jaaaaa 

iCjljAill ^ ^LaII ^ .-al Alt liUj ^ I 5 UA* cjljUa*^! 

_Saa^VI -jja'. 
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Table 6.5.2—Approximate moments for 
nonprestressed continuous beams and one-way slabs 

SjALbiMlI CjIjaSU ~ 6.5.2 


Moment 

Location 

Condition 

M. 

Positive 

End span 

Discontinuous end integral with 
support 

H„f,2/14 

Discontinuous end unrestrained 

«•/»-/! 1 

Interior 

spans 

All 

h/,2/16 

Negative^'' 

Interior face 
of exterior 
support 

Member built integrally with sup¬ 
porting spandrel beam 

wj,y24 

Member built integrally with sup¬ 
porting column 

w.f,^/16 

Exterior 
face of first 
interior 
support 

Two spans 

w.f,'/9 

More than two spans 

h/,2/10 

Face of 

other 

supports 

All 

«/,-/ll 

Face of all 
supports 
satisfying 
(a) or (b) 

(a) slabs with spans not 
exceeding 10 ft 

(b) beams where ratio of sum 
of column stiffnesses to beam 
stiffness exceeds 8 at each end 
of span 

H-.f,Vl2 


calculate negative moments, shall be the average of the adjacent clear span 
lengths. 


Jljlai Cx^ 0^ ' ‘ uLwa] |1| 

6.5.3 Moments calculated in accordance with 6.5.2 shall not be 
redistributed. 

.6.5.2 -1 4jj.uia.all fijjxll Jjjjj sJlftj j>JJ V 6.5.3 

6.5.4 Vu due to gravity loads shall be calculated in accordance 
with Table 6.5.4. 

.4-5-6 Jj^all tifij Ajuiljll JLaaVl Vu ulaja ^ 6.5.4 

Table 6.5.4—Approximate shears for nonprestressed 
continuous beams and one-way slabs 

jl^.aVl 4a^i.. 1 , j^l djaluiall ililjaSU 4^j^l ^j^4ll jj2 — 6.5.4 Jj4^1 

.lalj ^ CjUalsUlIj 


Location 

V. 

Exterior face of frst interior support 

\.\5wXJ2 

Face of all other supports 

WiiCiJl 


COMMENTARY 
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6.6—First-order analysis 

6.6.1 General 

6.6.1.1 Slenderness effects shall be considered in accordance 
with 6.6.4, unless they are allowed to be neglected by 6.2.5. 

(> Jjlaj - 6.6 
6.6.1 

.6.2.5 l^LoAlj ^ La i. 6.6.4 jaiaiu J-J-5-6 

6.6.1.2 Redistribution of moments calculated by an elastic frst- 
order analysis shall be permitted in accordance with 6.6.5. 


CH AlsAajljJ 

6.6.5 5jAill tjiuia. (jljVl ^jJll 

6.6.2 Modeling of members and structural systems 


^..aiuVIj j..^U9dl ^.i&j 6.6.2 

6.6.2.1 Floor or roof level moments shall be resisted by 
distributing the moment between columns immediately above 
and below the given floor in proportion to the relative column 
stiffnesses and considering conditions of restraint. 


ijM iy> t iSaatll jl ^cJaull 

df ^ Laj J.r^«ail .i\l t-.-y-j dj.4iU.a d.la&VI 

^ 

6.6.2.2 For frames or continuous construction, consideration 
shall be given to the effect of floor and roof load patterns on 
transfer of moment to exterior and interior columns, and of 
eccentric loading due to other causes. 


lalAji j^b ^ ji CjljUabU AjmuIIj Y-Y-l-t 

JLi ^jiC’ „\\j I 5a.,I'I 3 'j ..y '1 

uUajjI 

6.6.2.3 It shall be permitted to simplify the analysis model by the 
assumptions of (a), (b), or both; 

(a) Solid slabs or one-way joist systems built integrally with 
supports, with clear spans not more than 3 m , shall be permitted 
to be analyzed as continuous members on knife-edge supports 
with spans equal to the clear spans of the member and width of 
support beams otherwise neglected. 

(b) For frames or continuous construction, it shall be permitted to 
assume the intersecting member regions are rigid 


COMMENTARY 

R6.6—First-order analysis 
R6.6.1 General 

R6.6.1.1 When using frst-order analysis, slenderness effects 
are calculated using the moment magnifer approach 
(MacGregor et al. 1970; MacGregor 1993; Ford et al. 1981). 


0- - R6.6 

R6.6.1 

cjlj^b ^ 0^ <y*. .it R6.6.1.1 

MacGregor ^MacGregor et al. 1970) 

.(Ford et al. 1981 ^1993 


R6.6.2 Modeling of members and structural systems 
R6.6.2.1 This section is provided to make certain that 
moments are included in column design if members have 
been proportioned using 6.5.1 and 6.5.2. The moment refers 
to the difference between the end moments of the members 
framing into the column and exerted at the column centerline. 

^LuuVI jA^Uxl) R6.6.2 

j-uSu ^ *1 Ill f..il**<A 

lak ^ ^ A^UaVI j.>.dUaJl ^1^.111 Ciii 


R6.6.2.3 A common feature of modern frame analysis 
software is the assumption of rigid connections. Section 
6.6.2.3(b) is intended to apply to intersecting elements in 
frames, such as beam-column joints. 

jUaSh CjLoAaill ^ T-Y-l-l 

jiydUiill (v) 6.6.2.3 ('>*'‘^'1 0^ cj^Lidj 

.dj.aS- JLa iCjljUaVl ^ 
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ji ji ^ ^LAwij T'-Y-'V-l 


^ 4.j.i.dx^l LjUa^Ul 4_aJui ji A.'ijj/aj'l 

^2^3 0^ l^Ujjl Jjjj V ^ j^l .^\\ ^ ^ ^Ij Ajj^l 

.>^U jj-v^<\\ Ai^Lum j,^2hj ^ ij^ j^\jaiS i 

, liUj 9j^j u^jfi-j 

^jlalj^L (JiaIuiaI) pU^l ji CjljUa^ ^.uavIL 

_<l«lila*.''l j^UxU 


6.6.3 Section properties 
6.6.3.1 Factored load analysis 


6.6.3 

Ja.i.aAll J.>^l 6.6.3.1 


6.6.3.1.1 Moment of inertia and cross-sectional area of members 
shall be calculated in accordance with Tables 6.6.3.1.1(a) or 
6.6.3.1.1(b), unless a more rigorous analysis is used. If sustained 
lateral loads are present, I for columns and walls shall be divided 
by (1 -I- Prfs), where P* is the ratio of maximum factored sustained 
shear within a story to the maximum factored shear in that story 
associated with the same load combination. 


J.J.3-6-6 

4JU. J .Aij jisi fd u '.(u) 1-1-1-6-6 ji (i) 1-1-3-6-6 

‘ (P</s + 1) 9±acbU I ^ t^lj JLa^i 

iji u^\ O'Ada 4..UU a.laj^A ijoi ajS <U.uu p^j (,^.u 

, JLo^Sh ^Uall dlllJ ^ 


COMMENTARY 


R6.6.3 Section properties 

R6.6.3.1 Factored load analysis —For lateral load analysis, 
either the stiffnesses presented in 6.6.3.1.1 or 6.6.3.1.2 can be 
used. These provisions both use values that approximate the 
stiffness for reinforced concrete building systems loaded to 
near or beyond the yield level, and have been shown to 
produce reasonable correlation with both experimental and 
detailed analytical results (Moehle 1992; Lepage 1998). For 
earthquake-induced loading, the use of 6.6.3.1.1 or 6.6.3.1.2 
may require a deflection amplifcation factor to account for 
inelastic deformations. In general, for effective section 
properties, Ec may be defned as in 19.2.2, A as in Table 
6.6.3.1.1(a), and the shear modulus may be taken as OAEc. 

jJaiAll 6.6.3 

(j^Aj i Ja^I Cy> - Jx^oaII JaxII JaIxa R6.6.3.1 

^. ^Vu A t .6.6.3.1.2 ji 6.6.3.1.1 CjI^La^I ^I. ^Vu aI 

4.xLaa1| ^Laj^I ujHa julll (JA ^ 

iajljj (dJxj jl ^jlhAA (jA cAjillj AIax-aI) 

‘Moshle 1992) ^IaoIaIIj A^jxaII ^lUIll fy> JS ^ JjIxa 

(jli ‘JljlJll Cfi JjaxaU a. u a 1' Ij .(Lepage 1998 

ejtAjddll uIaaxI JaUla 6.6.3.1.2 ji 6.6.3.1.1 

Ia£ Ec ^JaXAll ^>^.1 <tuAt\lj J^AAj 

jU2e( i(a) 6.6.3.1.1 Jj-iaJl j^ja > US a ‘19.2.2 

OAEc JaIxa 
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Table 6.6.3.1.1(a)—Moment of inertia and cross sectional 
area permitted for elastic analysis at factored load level 


jjiJl - (i) 6.6.3.1.1 

^ ^.J 


Member and condition 

.Moment of 
Inertia 

Cross-sectional 

area 

Columns 

0.704 


Walls 

Uncracked 

0.704 


Cracked 

0.354 

1.0.4* 

Beams 

0.354 


Flat plates and flat slabs 

0.254 



Table 6.6.3.1.1(b)—Alternative moments of inertia 
for elastic analysis at factored load 


^ - (41) 6.6.3.1.1 


.Member 

Alternati> e > alue of / for elastic analysis 

.Minimum 

/ 

Maximum 

Columns 
and walls 

0.354 

( .4 V .W P) 

0.80 + 25-S- 1-^-0.5 — 

1 4 A PA P.) 

0.8754 

Beams, 
flat plates, 
and flat 
slabs 

0.254 

(0.10 + 25p)^l.2-0.2^j4 

0.54 


Notes: For continuous flexural members, I shall be permitted to be taken as the average 
of values obtained for the critical positive and negative moment sections. Pu and Mu 
shall be calculated from the load combination under consideration, or the combination 
of Pu and Mu that produces the least value of I. 


^ (jA Jau0^ i ‘a.1 •■K.TMf sJ paIwmII AjmuIL 

MuJ Pu ij* JLa&VI 0^ ' /■ Mu J Pu j jxJl 

./ 4^ 


COMMENTARY 


R6.6.3.1.1 The values of I and A have been chosen from the 
results of frame tests and analyses, and include an allowance 
for the variability of the calculated deflections. The moments 
of inertia are taken from MacGregor and Hage (1977), which 
are multiplied by a stiffness reduction factor (|)a: = 0.875 
(refer to R6.6.4.5.2). For example, the moment of inertia for 
columns is 0.875(0.80/g) = 0.70/g. The moment of inertia of 
T-beams should be based on the effective flange width defned 
in 6.3.2.1 or 6.3.2.2. It is generally suffciently accurate to 
take Ig of a T-beam as 2Ig for the web, 2{bwh^/12). If the 
factored moments and shears from an analysis based on the 
moment of inertia of a wall, taken equal to 0.70/g, indicate 
that the wall will crack in flexure, based on the modulus of 
rupture, the analysis should be repeated with I = 0.35/g in 
those stories where cracking is predicted using factored loads. 
The values of the moments of inertia were derived for 
nonprestressed members. For prestressed members, the 
moments of inertia may differ depending on the amount, 
location, and type of reinforcement, and the degree of 
cracking prior to reaching ultimate load. The stiffness values 
for prestressed concrete members should include an 
allowance for the variability of the stiffnesses. The equations 
in Table 6.6.3.1.1(b) provide more refned values of / 
considering axial load, eccentricity, reinforcement ratio, and 
concrete compressive strength as presented in Khuntia and 
Ghosh (2004a,b). The stiffnesses provided in these references 
are applicable for all levels of loading, including service and 
ultimate, and consider a stiffness reduction factor (|)/t 
comparable to that for the moment of inertias included in 
Table 6.6.3.1.1(a). For use at load levels other than ultimate, 
Fu and Mu should be replaced with their appropriate values at 
the desired load level. 


ijliaVI Aj I 

^ ^ CjjIajII 

(jijikj ^ ‘(Hage (1977 j MacGregor 

‘Jlidl ^ .(R6.6.4.5.2 iji\ (|)K = 0.875 

.0.875(0.804) = 0.704 ^ 

^ ‘ “'I Ulxll ‘Li,ah Jlxill ijlC' T 

ylft T (> Ig o' .6.3.2.2 j' 6.3.2.1 

tjxaaall 'jj .2(bwMl2) 24 

^ aIIuu O'* dJ^Lall 

plL ^ i 0.70/^ ^ 

^ I = 0.35 Ig ^ jjSjj (ji 

^ 

^ 

IJLaJ&I r 1.11--V.J 

(_gk Cijlill) jl^Vl AIaum 

^ aJjiUll I J lluLSajl (b) 6.6.3.1.1 

A^ajlLaj Ajmuj jUjfrVl 

.(b ‘Ghosh (2004a j Khuntia ^ LiJall SjLajill 

^ Laj ^ df 

(j)J. 4IJL.4 jjjx^ iillj 

.llfr A^HaII MuJ Pu 
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6.6.3.1.2 For factored lateral load analysis, it shall be permitted 
to assume I = 0.5/g for all members or to calculate / by a more 
detailed analysis, considering the reduced stiffness of all 
members under the loading conditions. 


ut Jt / = 0.5/g 

,ja^UaII 


COMMENTARY 


R6.6.3.1.2 The lateral deflection of a structure under factored 
lateral loads can be substantially different from that 
calculated using linear analysis, in part because of the 
inelastic response of the members and the decrease in 
effective stiffness. Selection of the appropriate effective 
stiffness for reinforced concrete frame members has dual 
purposes: 1) to provide realistic estimates of lateral 
deflection; and 2) to determine deflection-imposed actions on 
the gravity system of the structure. A detailed nonlinear 
analysis of the structure would adequately capture these two 
effects. A simple way to estimate an equivalent nonlinear 
lateral deflection using linear analysis is to reduce the 
modeled stiffness of the concrete members in the structure. 
The type of lateral load analysis affects the selection of 
appropriate effective stiffness values. For analyses with wind 
loading, where it is desirable to prevent nonlinear action in 
the structure, effective stiffnesses representative of pre-yield 
behavior may be appropriate. For earthquake-induced 
loading, the level of nonlinear deformation depends on the 
intended structural performance and earthquake recurrence 
interval. Varying degrees of confdence can be obtained from 
a simple linear analysis based on the computational rigor used 
to defne the effective stiffness of each member. A reduced 
stiffness can be based on the secant stiffness to a point at or 
beyond yield or, if yielding is not expected, to a point before 
yield occurs. 


^ 

Jjajj .1 ,il^i ujaa&aII liUj (jC 

'■f-l ■ "y'I jiAdUail jjkll 

jUal jAdUxf ^.^LLdl jb^l 

0*^.3 .UaAaU 

jjj^ .Lil£ J^AAj (ji LaIaII 

^L£a1| 

Ja^I .UaaaII ^ dfUA^j 

i-NjU'U .A^UaII '>f-l■ "-^'1 ^ 

^1a u^jaII ^ UJ^ 

U Allx^l dAAJAll 

^jl4AA AAjaj Jaa^aU AaaaIIIj .A^Ua 

^ .JJVjJl jljS2 yJLilV' Lf^ 

Xuilj iaAuij JaIaa ^ A^l ^ ^jUla Cjla.jJ 

aIuaj (jiAj Jil ■ "y'I ijip ulxlll ^ A .. <A'. ,1 a'I 

jjij ji aIc AJalj ijl] jAjll ijiC' '‘f-l ■ "y'I A ,>iaA a' 1 »f-l ■ .i-v'! 

AJali tUSjAA ^ Ul jl 'Cj't.'A'I 
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6.6.3.1.3 For factored lateral load analysis of two-way slab 
systems without beams, which are designated as part of the 
seismic-force-resisting system, I for slab members shall be 
defned by a model that is in substantial agreement with results of 
comprehensive tests and analysis and I of other frame members 
shall be in accordance with 6.6.3.1.1 and 6.6.3.1.2. 


QjJ Clilj CjUa!!l.^ 

.^.1^ ^ (jl t I - (jA 

ijA ^ 

6.6.3.1.1 UJ^ u'^ 4*^ j^Uxll ijA I j 4i.aL^I 

.6.6.3.1.2 j 


6.6.3.2 Service load analysis 

6.6.3.2.1 Immediate and time-dependent deflections due to 
gravity loads shall be calculated in accordance with 24.2. 


A.j.a.l-^'1 6.6.3.2 

JLa^Vl djAMAlIj t-f-r-l-t 

.r.Ti jiSjllliaj ^ijll JUa,Vl 

6.6.3.2.2 It shall be permitted to calculate immediate lateral 
deflections using a moment of inertia of 1.4 times I defned in 
6.6.3.1, or using a more detailed analysis, but the value shall not 
exceed Ig. 

Q$lj i Jjla:; j,l±kiuiL j\ i yisJJa-dl/a>» ^lill 

,Ig 4.0^1 Vi 


COMMENTARY 

R6.6.3.1.3 Analysis of buildings with two-way slab systems 
without beams requires that the model represents the transfer 
of lateral loads between vertical members. The model should 
result in prediction of stiffness in substantial agreement with 
results of comprehensive tests and analysis. Several 
acceptable models have been proposed to accomplish this 
objective (Vanderbilt and Corley 1983; Hwang and Moehle 

2000; Dovich and Wight 2005). 

cjUa!:lj 

‘ j..^Uxll (jM JLa^Vl UJ^ 

dlljbl^VI ^ C.iliU/iAllj jfilll ^1 ^Jj.Aill (jl 

Skj ,4i.aL^I i-Nj'-v'llj 

.(2005 ^2000 H983 

R6.6.3.2 Service load analysis 

R6.6.3.2.2 Analyses of deflections, vibrations, and building 
periods are needed at various service (unfactored) load levels 
(Grossman 1987, 1990) to determine the performance of the 
structure in service. The moments of inertia of the structural 
members in the service load analyses should be representative 
of the degree of cracking at the various service load levels 
investigated. Unless a more accurate estimate of the degree of 
cracking at service load level is available, it is satisfactory to 
use 1.0/0.70 =1.4 times the moments of inertia provided in 
6.6.3.1, not to exceed Ig, for service load analyses. 

Uajill J J.»aJl JiLdi R6.6.3.2 

^ (ityi diljllaj diljljlk'ihj diiUadll T-T-r- 1-1 

(1990 ‘Grossman 1987) (^jjla- jjt) J«aJl ^>1 diLjiuta 

j...dUiiU ^llll UJ^ 6^ ^ J^:^l ^Iji 

^ t-NjI-v'. ^ A^L^VI 

^j.a 1 JJ.^ iilUA (jSj ^ La ^jq.y'.U ^ Ua.^^Al at ql’^.y aU 

1,4 = 0.70 / 1.0 (ql.A'uj| ^^Lqll (jA& aUq.A^I (JjaiqiA ^^jIaha ^ j-uotSLAll 

‘ Ig ‘6.6.3.1 ^lill JJ-aflAll jqjjft iJA 

,^d^l .■•iMjU*' 
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6.6.4 Slenderness effects, moment magnifcation method 
6.6.4.1 Unless 6.2.5 is satisfed, columns and stories in structures 
shall be designated as being nonsway or sway. Analysis of 
columns in nonsway frames or stories shall be in accordance 
with 6.6.4.5. Analysis of columns in sway frames or stories shall 
be in accordance with 6.6.4.6. 


6.6.4 

U.^% 0^ d.^ji.a 

.6.6.4.5 4 djA.a jl CjljUaVl ^ d.la&Vl 

tlij tjAah jl diljUaVI ^ tXaCVI oJ% u'^ 4*^ 

.6.6.4.6 4 


6.6.4.2 The cross-sectional dimensions of each member used in 
an analysis shall be within 10 percent of the specified member 
dimensions in construction documents or the analysis shall be 
repeated. If the stiffnesses of Table 6.6.3.1.1(b) are used in an 
analysis, the assumed member reinforcement ratio shall also be 
within 10 percent of the specifed member reinforcement in 
construction documents. 


^ CajAouMh jirlifr AousjaJI JbuVl ClJ^ 

jjSj jI tjjdnil ^uj iji flJitvail jinitil Jbui ^ ZlO JalxUI 

jjla tJjWMI ^ (b) 6.6.3.1.1 JjJ?4l ^ sflua& lij .JjWlil 

^uluuh y.lO Uuajj (4^ i.i^j Q<ajalAll jinitM ^uluu Ajaau 

fU4l ^uj (jS jAidUxil ail 


COMMENTARY 

R6.6.4 Slenderness effects, moment magnifcation method 
R6.6.4.1 This section describes an approximate design 
procedure that uses the moment magnifer concept to account 
for slenderness effects. Moments calculated using a frstorder 
frame analysis are multiplied by a moment magnifer that is a 
function of the factored axial load Pu and the critical buckling 
load Pc for the column. For the sway case, the moment 
magnifer is a function of the sum of Pu of the story and the 
sum of Pc of the sway-resisting columns in the story 
considered. Nonsway and sway frames are treated separately. 
A frst-order frame analysis is an elastic analysis that excludes 
the internal force effects resulting from deflections. The 
moment magnifer design method requires the designer to 
distinguish between nonsway frames, which are designed 
according to 6.6.4.5, and sway frames, which are designed 
according to 6.6.4.6. Frequently this can be done by 
comparing the total lateral stiffness of the columns in a story 
to that of the bracing elements. A compression member, such 
as a column, wall, or brace, may be assumed nonsway if it is 
located in a story in which the bracing elements (shear walls, 
shear trusses, or other types of lateral bracing) have such 
substantial lateral stiffness to resist the lateral deflec tions of 
the story that any resulting lateral deflection is not large 
enough to affect the column strength substantially. If not 
readily apparent without calculations, 6.6.4.3 provides two 
possible ways of determining if sway can be neglected. 

‘ jIjVI R6.6.4 
1 ajairi'i ftj&j \,ik i iinj R6.6.4.1 

dll ■> <vUl uLui^ ^ jaII dlljdiUIl lyt 

Ajauiljj jli^j J:4:4i ^liAlmU 

Pc Ap&jadl ^j:d4l Pu aj/A all A4jja.All Ajj)a'\U 

^Ja-^al AJU ^ j>j5i>i1 Ajlaj A u a ilU ,Jj.axil 

^ ,A.A.d^l ^ A.ajlLa aXacV Pc A iriall yt Pu 

.J*aaiia suway j Nonsway LjljUal ^ js JaUoll 

A.^U1I AjUIjII sjill dlljiiU ^ nliiij ^j.a J;4i^ jk jUaVI Jjl:di 
^■«a«lall ja.aa ^1 ^aj^i^il ^ajairil A^jla i jllill .diUIjlau a VI 

jia'j ‘ 6.6.4.5 4 If a o A Aaaj ^ ^1 t nonsway LjljUal 
dUL ^aUUI i^}S.aj La I.6.6.4.6 4 llSj I j aja i ril ^ ^1 i sway 
^1 Airiall ^ aXaP^ AlaU^I AjnAII »fl m-yll ^jlLa J5l.^ /ja 
I Jail.^ jl I •ijAS' Jaa iJduia jdsS' ^jdljaSi ^^jSaa ,A.a£i|All jaallUl 
Ajal \ll ^^UxJI Aa.aS ^ |j| i A.atfrJ ji 

ji\S jll (jA (^jil ^Ijai jl ( ^jasill diUl^J jl ( ^jiaSIl jalj^) 
Airi^U Ajnlvll dili^la^VI ^jlia adi|j ^AjfiAII 
Jiduj J^^aaJI aji ^jlC' jaalall ^ L)J^ Avjll ^1 

(jaaiLjla 6.6.4.3 ‘Lalalui^ LlJ-^ Ai^ilj dUj fd Ul 

.j^lall JLaAl tjSa uU I yt ^I.S Ul la JaA:dU ^jllaA a 
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6.6.4.3 It shall be permitted to analyze columns and stories in 
structures as nonsway frames if (a) or (b) is satisfed; 

(a) The increase in column end moments due to second order 
effects does not exceed 5 percent of the frst-order end moments 

(b) Q in accordance with 6.6.4.4.1 does not exceed 0.05 

^ dXo&Vl 

4^UI| Jjjj V 

(> A^jlail (> Z5 (jft 
6.6.4.4.1 -1 tSaj 0.05 (v) 


6.6.4.4 Stability properties 

6.6.4.4.1 The stability index for a story, Q, shall be calculated by: 


jljSlLji'ill (j^Uai 6.6.4.4 


Q= - ° (6.6.4.4.1) 

V t 


where Vus are the total factored vertical load and 

horizontal story shear, respectively, in the story being evaluated, 
and Ao is the frst-order relative lateral deflection between the top 
and the bottom of that story due to Vus. 


A^Uall d^j LoA Yus J ^Pu 


COMMENTARY 

R6.6.4.3 In 6.6.4.3(a), a story in a frame is classifed as 
nonsway if the increase in the lateral load moments resulting 
from PA effects does not exceed 5 percent of the frst-order 
moments (MacGregor and Hage 1977). Section 6.6.4.3(b) 
provides an alternative method of determining if a frame is 
classifed as nonsway based on the stability index for a story, 
Q. In calculating Q, Y.P" should correspond to the lateral 
loading case for which is greatest. A frame may contain 
both nonsway and sway stories. If the lateral load deflections 
of the frame are calculated using service loads and the service 
load moments of inertia given in 6.6.3.2.2, it is permissible to 
calculate Q in Eq. (6.6.4.4.1) using 1.2 times the sum of the 
service gravity loads, the service load story shear, and 1.4 
times the Ifstorder service load story deflections. 

kjAk Ja jUal yi Caill uLl*.aj fu i (a) 6.6.4.3 R6.6.4.3 

dll(jc A^Ull ^'.il.^ll J.>^l ^ tJbjll ^ bl nonsway 

.(Hage 1977 j MacGregor) i^jj j»jje qa ZPA 5 

jUaVI IJI l..a (v) 6.6.4.3 

XPu ‘Q .ijft .Q ‘ jIjSiulVI >i>i (jll iJjium nonsway 
Pu^ UJ% ^ ^1^^ 

^ Ul (jA ^ iS.^^ 

^ ^.1^1 ^li^luiL jUa^ Cj^La^aII 

Eq. Q jLAiA^ 1 6.6.3.2.2 

Jaa^ j i AajJI^I JLa^I ^JA^ dJA 1,2 JLaxaajIj ((6.6.4.4.1 

Jj dilfL^^I ijA djA 1,4 jIJ^aj i iLaA^I 

R6.6.4.4 Stability properties 
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6.6.4.4.2 The critical buckling load Pc shall be calculated by: 




P. = 


(A'C)^ 


(6.6.4.4.2) 


6.6.4.4.3 The effective length factor k shall be calculated using 
Ec in accordance with 19.2.2 and I in accordance with 6.6.3.1.1. 
For nonsway members, k shall be permitted to be taken as 1.0, 
and for sway members, k shall be at least 1.0. 


j 19.2.2 Ec k d^lx.a r-t-i-l-l 

t 1,0 (ji k -1 j^UxU .6.6.3.1.1 ^ 

.1.0 k uJ% ‘ 


6.6.4.4.4 For noncomposite columns, (EI)eff shall be calculated in 
accordance with (a), (b), or (c): 


(i) CjLiualjAll {Elleff 




:(S) J' (‘T') ji 


COMMENTARY 

R6.6.4.4.2 In calculating the critical axial buckling load, the 
primary concern is the choice of a stiffness {EI)eff ihal 
reasonably approximates the variations in stiffness due to 
cracking, creep, and nonlinearity of the concrete stressstrain 
curve. Sections 6.6.4.4.4 and 6.6.4.4.5 may be used to 
calculate iEI)eff. 

CjUjII (j^ajUai R6.6.4.4 

^^.uiLujVI t *. ..1 -v U ^ ^.y \t I . ...y 

SauSal\ <Ulaa.VJIj iJluilllj 

.{EI)eff 6.6.4.4.5 j 6.6.4.4.4 oJ»IaL4l 

R6.6.4.4.3 The effective length factor for a compression 
member, such as a column, wall, or brace, considering braced 
behavior, ranges from 0.5 to 1.0. It is recommended that a k 
value of 1.0 be used. If lower values are used, the calculation 
of k should be based on analysis of the frame using I values 
given in 6.6.3.1.1. The Jackson and More land Alignment 
Charts (Fig. R6.2.5) can be used to estimate appropriate 
values of k (ACI SP-17(09); Column Research Council 
1966). 

Jajl^ ji Jla 1 Ja&Jall j4axl Jjiall J.al£ R6.6.4.4.3 
j .1.0 (j^\ 0.5 ^ ^ 4 ji 

k .iHuu (ji ^ "I jji ,k 1.0 

.■•.It.il.i.v ..'t .[ '.y*. ,il (jSju .6.6.3.1.1 allw j'l I ^ "1; jUa^ 

J A.^Ua1| (R6.2.5 jjM j 

.(1966 J>«J| lijau i (k (ACI SP-17 (09 


R6.6.4.4.4 The numerators of Eq. (6.6.4.4.4a) to (6.6.4.4.4c) 
represent the short-term column stiffness. Equation 
(6.6.4.4.4b) was derived for small eccentricity ratios and high 
levels of axial load. Equation (6.6.4.4.4a) is a simplified 
approximation to Eq. (6.6.4.4.4b) and is less accurate (Mirza 
1990). For improved accuracy, 
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0.4£ 1 

(a) (£■/), =- ^ 

> + P.„ 

(6.6.4.4.4a) 

(0.2£ L+EI„) 

(b) (£/),- * 

1 + P.. 

(6.6.4.4.4b) 

EJ 

(c) (£/)^ =—^ 

' + P.„ 

(6.6.4.4.4c) 


where Prfns shall be the ratio of maximum factored sustained axial 
load to maximum factored axial load associated with the same 
load combination and I in Eq. (6.6.4.4.4c) is calculated according 
to Table 6.6.3.1.1(b) for columns and walls. 


(6.6.4.4.4c Ij ^^^a^ 

SiAftiU (b) 6.6.3.1.1 tisj 


6.6.4.4.5 For composite columns, {EI)eff shall be calculated by 
Eq. (6.6.4.4.4b), Eq. (6.6.4.4.5), or from a more detailed analysis. 

,^jIjla1| {Er)eff 44.^ja1| ^aaaIIIj 

31 ^ Jsi oa ji a (6.6.4.4.5) ‘ (b6.6.4.4.4) 


COMMENTARY 


(Er)eff can be approximated using Eq. (6.6.4.4.4c). Creep due 
to sustained loads will increase the lateral deflections of a 
column and, hence, the moment magnifcation. Creep effects 
are approximated in design by reducing the stiffness {EEfeff 
used to calculate Pc and, hence, 6, by dividing the short term 
El provided by the numerator of Eq. (6.6.4.4.4a) through 
(6.6.4.4.4c) by (1 + Pdns). For simplifcation, it can be 
assumed that Pdns = 0.6. In this case, Eq. (6.6.4.4.4a) becomes 
{EI)eff= 0.25EcIg. In reinforced concrete columns subject to 
sustained loads, creep transfers some of the load from the 
concrete to the longitudinal reinforcement, increasing the 
reinforcement stresses. In the case of lightly reinforced 
columns, this load transfer may cause the compression 
reinforcement to yield prematurely, resulting in a loss in the 
effective El. Accordingly, both the concrete and longitudinal 
reinforcement terms in Eq. (6.6.4.4.4b) are reduced to 
account for creep. 

(C6.6.4.4.4) (a6.6.4.4.4) u- R6.6.4.4.4 

c-.UA.l\ (b 6 . 6 . 4 . 4 . 4 ) ^.3U.a1) ^ j^^axII 

^JIaaI) Ja^I fjji CjLjJAAAJ ^j£jA^j 

Mirza ) (b6.6.4.4.4) (a6.6.4.4.4) 

,JjIjLaI1 *1 .|1 j (El) .(1990 

tjbj > jaauiaII JLa^VI ijf’ .(c 6 . 6 . 4 . 4 . 4 ) 

^ ^-vj..1 i ^ CjlAj.4A‘vll 

ij P(; uLa^ EI) eff) 4 jA 

(a6.6.4.4.4) Ja.uij 9 jSjj EI 1 by 

iJaiuiiUl yll AauuIIj .(pdns + 1 ) jtJ^ (c 6 . 6 . 4 . 4 . 4 ) 

(a 6 . 6 .4.4.4) .JjI*a 11 ^ .pdns = 0.6 6 ' 

JLAa.S; ^.aJAAAll ^La >11 SjacVi fj .EI) eff = 0.25EcIg) 

Laa ^aLa^I 4aLaj^ 1 ^ JiL tA^lj 

Jlj tAiilla tIjLdI sAaCVI ^ ,i*'l Uji ,>i'l ^ jjJj 

(jijis ^ ‘ub^^ c)^ ^uLaj ijiC: IJA ^JA^I 

^ .JjIxaII ^ ^jiaj ^Laj^I ^uLaaII lajjAA JS tiiUU .Jlxill EI 

i_iLAaJ (b 6 . 6 . 4 . 4 . 4 ) 

R6.6.4.4.5 For composite columns in which the pipe or 
structural shape makes up a large percentage of the cross 
section, the load transfer due to creep is insignifcant. 
Accordingly, only the EI of the concrete in Eq. (6.6.4.4.5) is 
reduced for sustained load effects. 


ji cA^Sh sAacSU A.ua.'1Ia R 6 .6.4.4.5 

^Ull Jij uJ% ^ ^IsIaII ^ Aiuai ^LajVI 

.JaIaaII ^IaajaII EI tiillAl llfij ,AA.aAi 

,^I..CuaaI1 Jaaa^I cjIj^Ia j^Ia (JaI^ ^ (6.6.4.4.5) 
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6.6.4.5 Moment magnifcation method: Nonsway frames 

6.6.4.5.1 The factored moment used for design of columns and 
walls. Me, shall be the frst-order factored moment Mz amplifed 
for the effects of member curvature. 

AlllLa CjljUai 

Ml (> I Me 

'I 

M^ = 6M2 (6.6.4.5.1) 

6.6.4.5.2 Magnifcation factor 6 shall be calculated by: 


jjjSjII J,alx,a ‘,'“''^1 2.5.4.6.6 

C 

5 =-^—>1.0 (6.6.4.5.2) 

1 - 

0.75P 

c 


COMMENTARY 


R6.6.4.5 Moment magnifcation method: Nonsway frames 


R6.6.4.5.2 The 0.75 factor in Eq. (6.6.4.5.2) is the stiffness 
reduction factor which is based on the probability of 
understrength of a single isolated slender column. Studies 
reported in Mirza et al. (1987) indicate that the stiffness 
reduction factor {|)S' and the cross-sectional strength reduction 
(|) factors do not have the same values. These studies suggest 
the stiffness reduction factor (t)/c for an isolated column 
should be 0.75 for both tied and spiral columns. In the case of 
a multistory frame, the column and frame deflections depend 
on the average concrete strength, which is higher than the 
strength of the concrete in the critical single understrength 
column. For this reason, the value of (()*' implicit in I values 
in 6.6.3.1.1 is 0.875. 

Nonsway ^Ja R6.6.4.5 

(6.6.4.5.2) J 0.75 J-l* R6.6.4.5.2 

ZjjaC' i (|)R 

K 0^ JaJl Jalft tji (1987) sJjljll 

aZA ajfi 

0.75 X J.al£ (ji diLuljjll 

ZZxIa jUal ^ Saa&VI 

(jA aj^ .Lojxj 

AoIaJaI) 4-0^1 A,a^ ^ 

.0.875 6.6.3.1.1 JIJ (|)K 
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(0.2£,/J 

(6.6.4.4.5) 

P<*u 


6.6.4.5.3 Cm shall be in accordance with (a) or (b): 

(a) For columns without transverse loads applied between 
supports 

j' (') 4 iSaj Cm u' T'-o-i-i-t 
JLa^i d.la&bU 

M 

r =0.6-0.4—!- (6.6.4.5.3a) 

^ A/j 


where MilMi is negative if the column is bent in single 
curvature, and positive if bent in double curvature. Mi 
corresponds to the end moment with the lesser absolute value. 

|j| ^ Ml / M2 

A,a^ j£| ^ ^ Ml f U^l ^ (jlS 

(b) For columns with transverse loads applied between supports. 

0 ^ A^jixa ^ d.la&bU (u) 


C„=1.0 (6.6.4.5.3b) 

6.6.4.5.4 Ml in Eq. (6.6.4.5.1) shall be at least Mi,min calculated 
according to Eq. (6.6.4.5.4) about each axis separately. 

.JaSfl Mxmin 6' (6.6.4.5.1) J M2 6.6.4.5.4 

(6.6.4.5.4) 


COMMENTARY 

R6.6.4.5.3 The factor Cm is a correction factor relating the 
actual moment diagram to an equivalent uniform moment 
diagram. The derivation of the moment magnifer assumes 
that the maximum moment is at or near midheight of the 
column. If the maximum moment occurs at one end of the 
column, design should be based on an equivalent uniform 
moment CmMi that leads to the same maximum moment at or 
near midheight of the column when magnifed (MacGregor et 
al. 1970). The sign convention for Mi/M 2 has been updated to 
follow the right hand rule convention; hence, MilMi is 
negative if bent in single curvature and positive if bent in 
double curvature. This reflects a sign convention change from 
the 2011 Code. In the case of columns that are subjected to 
transverse loading between supports, it is possible that the 
maximum moment will occur at a section away from the end 
of the member. If this occurs, the value of the largest 
calculated moment occurring anywhere along the member 
should be used for the value of Mi in Eq. (6.6.4.5.1). Cm is to 
be taken as 1.0 for this case. 

^jllj jA Cm 

(ji SjjLdl (JIaIuI (jdjlL 

^ ^jxil Ul ,4J.a ujliL jl ‘ 

AjjLaja .ij Axl 

jjAxil t ijA ujiilj jl ijc, (jA&j ijW CinM2 

Ml / ^UjI 4uaxj ^ .(MacGregor et al. 1970) 

lit > Ml / M2 jjII sjc-li M2 

IjA bl AxIj ^ 4.aJI£ 

jxll JaaxaU (jij»li sXoeVI .2011 6^ *^1421 

^ ^jxil (jl (j^AAll (jA iJjlSjil (j^ 

tiiAxj 2_ij. .i-v.. 4 ,a^ ,ii .jAdAxll 

u' Eq. (6.6.4.5.1). Cm M2 jaaiIxII JjJaj (jlia (^i 

,^1^1 1.0 


R6.6.4.5.4 In the Code, slenderness is accounted for by 
magnifying the column end moments. If the factored column 
moments are small or zero, the design of slender columns 
should be based on the minimum eccentricity provided in Eq. 
(6.6.4.5.4). It is not intended that the minimum eccentricity 
be applied about both axes simultaneously. The factored 
column end moments from the structural analysis are used in 
Eq. (6.6.4.5.3a) in determining the ratio MilMi for the 
column when the design is based on the minimum 
eccentricity. This eliminates what would otherwise be a 
discontinuity between columns with calculated eccentricities 
less than the minimum eccentricity and columns with 
calculated eccentricities equal to or greater than the minimum 
eccentricity. 
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A/zmm = /’«(0.6 + 0.03/j) (6.6.4.5.4) 


If M 2 ,min exceeds Mi, Cm shall be taken equal to 1.0 or calculated 
based on the ratio of the calculated end moments MilMi, using 
Eq. (6.6.4.5.3a). 


AjL-a. jijj ji 1.0 4 LjLum Cm j»2j u' ‘■Ml iMl.min 6^ '^1 
.aIjIxaII ..1 j i ]\n j ]V12 ^ 

.(a6.6.4.5.3) 


6.6.4.6 Moment magnifcation method: Sway frames 
6.6.4.6.1 Moments Mi and Mi at the ends of an individual 
column shall be calculated by (a) and (b). 


J^) Alllla CjljUal \ 1 -i -t-l 

j (i) JaIum Ml J Ml LMji^ 

■M 


{a)Mi=Mi^ + 6,Mis (6.6.4.6.1a) 

(b) Mj = M2„, + 6Mz, (6.6.4.6.1 b) 


6.6.4.6.2 The moment magnifer 6s shall be calculated by 
(a), (b), or (c). If 8s exceeds 1.5, only (b) or (c) shall be 
permitted: 


(j) ji (u) Lis i 1.5 cjJjLaj 5s 'ji .(j) ji (v) ji (i) 


(a) 8, =->1 

* l-Q 


(b)8,=- 


1 - 




>1 


(6.6.4.6.2a) 

(6.6.4.6.2b) 


0.75ZP 


(c) Second-order elastic analysis 


COMMENTARY 


Cuts iJl jjf'.' ^ 

iXicSb ‘ aHuu (ji ji AltidLill 

.(6.6.4.5.4) tr'JVI JaJi 

CjSj ^ Cj£j.a5Ul (JuL* ^ (ji 

.JjIaaII ^ ^L^Vl J4^4l (j.a ^ 

^', 1 ,.ij LaLfr Ml / M2 (a6.6.4.5.3) 

JUj (jjij (j\ o^Aj La (JjJj lift .CjS ja5U1 ijj> (_jlj 

^J£ja5U| (JA tj^ Cjaa^aII CjSja5U| CjIJ dAA&Vl 

CjS ja 5U1 (jft Jjjj ji Jjl»j AjjAiiAll ja5U1 cj|j SjacVIj 

R6.6.4.6 Moment magnifcation method: Sway frames 
R6.6.4.6.1 The analysis described in this section deals only 
with plane frames subjected to loads causing deflections in 
that plane. If the lateral load deflections involve significant 
torsional displacement, the moment magnifcation in the 
columns farthest from the center of twist may be 
underestimated by the moment magnifer procedure. In such 
cases, a three-dimensional second-order analysis should be 
used. 

CjljUaVl ^jij AijjJa R6.6.4.6 

CjIaaaII jA^Uxll Lifi ^LaaI) ^ (34&aII JjIajj t-t-i-l-l 

Ja^I Cj^Ua^ CajI£ IjI .^j14aa 1I iilij ^ cjLIjLLj JL^^V ^a^jxaII 

AaaAI (JA J4a4| ^ ^0! 

J5ti ijA jS JA sAajll siaCVI jAiittih 

.jLuSh IJA J4aJi i_i^ 

R6.6.4.6.2 Three different methods are allowed for 
calculating the moment magnifer. These approaches include 
the Q method, the sum of P concept, and second-order elastic 
analysis. 

(a) Q method: 

The iterative PA analysis for second-order moments can be 
represented by an infnite series. The solution of this series is 
given by Eq. (6.6.4.6.2a) (MacGregor and Hage 1977). Lai 
and MacGregor (1983) show that Eq. 
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where is the summation of all the factored vertical loads in a 
story and Y,Pc is the summation for all sway resisting columns in 
a story. Pc is calculated using Eq. (6.6.4.4.2) with k determined 
for sway members from 6.6.4.4.3 and (£'/)etf from 6.6.4.4.4 or 
6.6.4.4.5 as appropriate with p^s substituted for Pdns. 

5^1^) 4^jjJ) ly, (Jilajll ^ 

*1 ^-v*;. .iij ^ ^ ji^bu dXo&vi (3^ ^ 

(£/)eff j 6.6.4.4.3 c> 'dSiiAll k 5^ (2-2-4-4-6) 

.^dns c> Vjj P^j ^ (iLiiaVl 6.6.4.4.5 j' 6.6.4.4.4 t> 


COMMENTARY 


6.6.4.6.2a) closely predicts the second-order moments in a 
sway frame until 6i exceeds 1.5. The PA moment diagrams 
for deflected columns are curved, with A related to the 
deflected shape of the columns. Equation (6.6.4.6.2a) and 
most commercially available second-order frame analyses 
have been derived assuming that the PA moments result from 
equal and opposite forces of PiSJtc applied at the bottom and 
top of the story. These forces give a straight-line PA moment 
diagram. The curved PA moment diagrams lead to lateral 
displacements on the order of 15 percent larger than those 
from the straight-line PA moment diagrams. This effect can 
be included in Eq. (6.6.4.6.2a) by writing the denominator as 
(1 - l.lSg) rather than (1 - Q). The 1.15 factor has been 
omitted from Eq. (6.6.4.6.2a) for simplicity. If deflections 
have been calculated using service loads, Q in Eq. 
(6.6.4.6.2a) should be calculated in the manner explained in 
R6.6.4.3. The Q factor analysis is based on deflections 
calculated using the I values from 6.6.3.1.1, which include 
the equivalent of a stiffness reduction factor <^k. These I 
values lead to a 20 to 25 percent over-estimation of the lateral 
deflections that corresponds to a stiffness reduction factor (pi: 
between 0.80 and 0.85 on the PA moments. As a result, no 
additional (p factor is needed. Once the moments are 
established using Eq. (6.6.4.6.2a), selection of the cross 
sections of the columns involves the strength reduction 
factors (p from 21.2.2. 

(b) Sum of P concept; 

To check the effects of story stability, 6s is calculated as an 
averaged value for the entire story based on use of 
This reflects the interaction of all sway-resisting columns in 
the story on the PA effects because the lateral deflection of all 
columns in the story should be equal in the absence of 
torsional displacements about a vertical axis. In addition, it is 
possibl that a particularly slender individual column in a sway 
frame could have substantial midheight deflections, even if 
adequately braced against lateral end deflections by other 
columns in the story. Such a column is checked using 
6.6.4.6.4. The 0.75 in the denominator of Eq. (6.6.4.6.2b) is a 
stiffness reduction factor (px, as explained in R6.6.4.5.2. In 
the calculation of {EI)eff, p* will normally be zero for a sway 
frame because the lateral loads are generally of short 
duration. Sway deflections due to short-term loads, such as 
wind or earthquake, are a function of the short-term stiffness 
of the columns following a period of sustained gravity load. 
Eor this case, the defnition of p^s in 6.6.3.1.1 gives P^s = 0. In 
the unusual case of a sway framewhere the lateral loads are 
sustained, p* will not be zero. This might occur if a building 
on a sloping site is subjected to earth pressure on one side but 
not on the other. 
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uLbii^ <LaK-v^ ^Ijia R. 6 . 6 . 4 . 6.2 

(j^ (JJ-aII ( P ( Q ujluiVl d.llt 4ja<^n 

.^l^l 

:Q (i) 

V 4AwAwd jill jljSil! p it cJA*^ 

a) 6 . 6 . 4 . 6 . 2 ) aJaujI^ aL^L^H aIa fUa&l ^ . 1 ^ 

(MacGregor (1983 j Lai .((MacGregor and Hage 1977 

swway J^\ ^ Cf- (* 

^ ^ (Aol^la dj^lj.41) aJ^ AP Cjj^ .5$ 1.5 

(a 6 . 6 . 4 . 6 . 2 ) ^ ,dAA&bU jLiilL Aiuj.a 

JL-ui ^ Ai^ PA / £c A^-iSbi-aj ^jUiila (ja p result 

^jSil .Aa^III 

AjLaIIj 15 Ajmuj (jjUl 4 & ^} p cur 

4 jLaj Ja^) P straight CjUaia^ ^ iillj ^ 

Vjj (Q1.15 -1) -S ^llali 5 ^U£j (Eq. (6.6.4.6.2a 
tjt (i -l-i-'V-l) .JjIjlaII ^ 1.15 ^ .(Q - 1) 

c^Lwi^ ^Eq ^ Q (A.4i^) JL 4 &I ^ 

Q JaljxJ) Jj^aj .ljl4jj .R6.6.4.3 Aljjlallj (a6.6.4.6.2) 

La ^6.6.3.1.1 0^ I ^).i&!L.uLj L-tKt-Ae. 

^1 20 *^0 (^! I .c|>X JjLu 

dfLwi^l J.al£ Jjlij A^l^l CjbljiaJa^ ^Lall ^ 25 

V idlil ,AP 0.85 j 0.80 a“ betweenK 

.JjIxaII fLwul ^ 

U** (|) AaJajxJl jUl^l ^ (1 

.r 

;P (v 

Aj^iU AiaMijla A-O;^ 5 s ^jLuA ^ /^>%aU jlj^lwil (IjIj^Ij ^j. 4 ^a^s.-tVt 
dAa&i (j^ J&lilli IIAj .Pu / ^PC^ ^l.i^lyul fUj l^XoSL 

(j^ i AP Jl^ ^ 

l^U.ul4 uj% A.<^il) ^ dlA&Vl 

l.aAj.4 UJ% U^ 4jL4aI) (iillj ^1 AiLuaVl^ J-> 5 ^ 

t ^ ^ uJ% 0 ^ CA^ —jUal ^ 

A^l^l tIjLla& Aua ui^jLla AiaUIludI ^ 6 b Lf^ ‘ ti4^' 

.6.6.4.6.4 ijMl\ IJA Jla ^ ,4.^^! ^ »x>cIj 

US i {|K Jjflj J-l* JA (b6.6.4.6.2) .4 JjUa 11 jx*-la ^ 0.75 

sjlft pds 6 j% ‘ El) eff) .R6.6.4.5.2 j* 

(jl .dAftll UJ^ ^ dJl£ 4 j^.U-v\t JU^Vl (jV SW3y J^V ^Uuullj 

iJjVjil jl ‘J^VI 9 Ju^vi 1 -i.uj.i Sway 

,^I..Cu^. 9 jS3 Jaj ^jlC’ 9.La&Vl fjji Ai^j 

.pds = 0 (j^ 6.6.3.1.1 pds ^-* 9 ^ 6^ i4JUJi 94 * 

6j% 6^ pds 6)^ ju^VI ^ 

(JJ 16 (jSJj 411 ^ 6 ^ ^*'« ■^' JjU ^ u^ U^J*9 I4A 6 iJa^ 

J^Vl C-uIaM i_^ 







129 


CODE 


6.6.4.6.3 Flexural members shall be designed for the total 
magnifed end moments of the columns at the joint. 


^jA^Uxll r-l-l-t-l 


6.6.4.6.4 Second-order effects shall be considered along the 
length of columns in sway frames. It shall be permitted to 
account for these effects using 6.6.4.5, where Cm is calculated 
using Ml and Mi from 6.6.4.6.1. 

SaaPI Jjia l-l-l-l-l 

4 6.6.4.5 ** J^) CjljUaVl 

.6.6.4.6.1 (>» M2 j Ml Cm 

6.6.5 Redistribution of moments in continuous flexural members 

^LajHaII dj.4luMll j4.^Uxll dJl&l 5~6~6 


COMMENTARY 


R6.6.4.6.3 The strength of a sway frame is governed by 
stability of the columns and the degree of end restraint 
provided by the beams in the frame. If plastic hinges form in 
the restraining beam, as the structure approaches a failure 
mechanism, its axial strength is drastically reduced. This 
section requires the restraining flexural members to have 
enough strength to resist the total magnifed column end 
moments at the joint. 


ia^l siaC-Sn CjUj jS>aill jUal 5jS f-l-l-l-t 

,j^ M 

(jji La UJ% ^U^Vl (jji 

(mA&LAaII J a.axll A a jxll p alXal d all) 


R6.6.4.6.4 The maximum moment in a compression member, 
such as a column, wall, or brace, may occur between its ends. 
While second-order computer analysis programs may be used 
to evaluate magnifcation of the end moments, magnifcation 
between the ends may not be accounted for unless the 
member is subdivided along its length. The magnifcation may 
be evaluated using the procedure outlined in 6.6.4.5. 
ji j)i> ji J>aft Jia i LLia jJaft ^ JS R6.6.4.6.4 

4.^j.lll tjji jjjaa.a£l) Jal^ ..t ^jLaj ^ 4 

^ ^ La JJjSjII uLaaa^ ^ V 4Ajl^ull 

jji "1; ja^lxll ftujA'i 

.6.6.4.5 

R6.6.5 Redistribution of moments in continuous flexural 
meml7ers—Redistribution of moments is dependent on 


adequate ductility in plastic hinge regions. These plastic 
hinge regions develop at sections of maximum positive or 
negative moment and cause a shift in the elastic moment 
diagram. The usual result is a reduction in the values of 


maximum negative moments in the support regions and an 
increase in the values of positive moments between 


supports from those calculated by elastic analysis. However, 
because negative moments are typically determined for one 
loading arrangement and positive moments for another 
(6.4.3 provides an exception for certain loading conditions), 
economies in reinforcement can sometimes be realized by 


reducing maximum elastic positive moments and increasing 
negative moments, thus narrowing the envelope of 


maximum negative and positive moments at any section in 
the span (Bondy 2003). 
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6.6.5.1 Except where approximate values for moments are used 
in accordance with 6.5, where moments have been calculated in 
accordance with 6.8, or where moments in two-way slabs are 
determined using pattern loading specified in 6.4.3.3, reduction 
of moments at sections of maximum negative or maximum 
positive moment calculated by elastic theory shall be permitted 
for any assumed loading arrangement if (a) and (b) are satisfed: 

(a) Flexural members are continuous 

(b) 0.0075 at the section at which moment is reduced 


pUjlujL 

dilj ^ LaAlc ji J CiSj ■’’m-v 

Ajjisuj ^ 

J (i) ^ Ul jjLi 

dj.alwu 4.4 jIAa1| 

(jiaii- j»>ll yi (jjSj ill jiaiall Et > 0.0075 (“) 


6.6.5.2 For prestressed members, moments include those due to 
factored loads and those due to reactions induced by prestressing. 


iillj Auatllj Y 

6.6.5.3 At the section where the moment is reduced, 
redistribution shall not exceed the lesser of IOOOet percent and 20 
percent. 


Jsi oJLcI Jjta2 Vi ^JaLdl ^ ^-0-1-1 

.4JU1I J r . j %' lOOOer u- 

6.6.5.4 The reduced moment shall be used to calculate 
redistributed moments at all other sections within the spans such 
that static equilibrium is maintained after redistribution of 
moments for each loading arrangement. 


jUj uLuiaf (j>ia-v a' 1 ^jxll . <A*. „< 4-g-g-g 

3jI£| Jxj dul^l Jaliafl ^ ^hl.ta'1 

.JjAijU uiJjj JSJ JjjjJ 


6.6.5.5 Shears and support reactions shall be calculated in 
accordance with static equilibrium considering the redistributed 
moments for each loading arrangement. 


^ (j-aiU juivi JjJj i- .u ji t . 'i 5-5-5-5 


COMMENTARY 


Plastic hinges permit utilization of the full capacity of more 
cross sections of a flexural member at ultimate loads. The 
Code permissible redistribution is shown in Fig. R6.6.5. 
Using conservative values of limiting concrete strains and 
lengths of plastic hinges derived from extensive tests, flexural 
members with small rotation capacities were analyzed for 
redistribution of moments up to 20 percent, depending on the 
reinforcement ratio. As shown, the permissible redistribution 
percentages are conservative relative to the calculated 
percentages available for both fy = 60 ksi and 80 ksi. Studies 
by Cohn (1965) and Mattock (1959) support this conclusion 
and indicate that cracking and deflection of beams designed 
for redistribution of moments are not signifcantly greater at 
service loads than for beams designed by the distribution of 
moments according to elastic theory. Also, these studies 
indicate that adequate rotational capacity for the 
redistribution of moments allowed by the Code is available if 
the members satisfy 6.6.5.1. The provisions for redistribution 
of moments apply equally to prestressed members (Mast 
1992). The elastic deformations caused by a nonconcordant 
tendon change the amount of inelastic rotation required to 
obtain a given amount of redistribution of moments. 
Conversely, for a beam with a given inelastic rotational 
capacity, the amount by which the moment at the support 
may be varied is changed by an amount equal to the 
secondary moment at the support due to prestressing. Thus, 
the Code requires that secondary moments caused by 
reactions generated by prestressing forces be included in 
determining design moments. Redistribution of moments as 
permitted by 6.6.5 is not appropriate where approximate 
values of bending moments are used, such as provided by the 
simplifed method of 6.5 or by the direct design method of 
8.10 as stated in 8.10.4.3, where a 10 percent modifcation of 
moments is allowed. Redistribution of moments is also not 
appropriate for two-way slab systems that are analyzed using 
the pattern loadings given in 6.4.3.3. These loadings use only 
75 percent of the full factored live load, which is based on 
considerations of moment redistribution. 
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COMMENTARY 


SjI&I - 4^JluiAll ja^UjlII ^ aJl^l R6-6-5 

Cj^L^LaII ^jiaLla ^ 

ji ^L^VI .1^1 Aaijlyu^Lll 

^ Jl.^^ ^ uuMiJjj 4_ulyiill 

^jiaLla ^ ^UAwJ) ^ ^ dJUxAll 

JjI&^I Ajawi}^ iillj jjl£jll (j^ ^jjxll ^ dJbjj 

.l^lj uujill dAc- ^ u^ tiiUj .4 jjaI| 

4 jajjA^ (jtoxA jfUjdA^I 6.4.3) ^JJ^J Ja^ 

Jjiij ^ ^uImuI) ^ (liljjdj U^ 

cijia ^UlLj ( 4 aAwJ 1 ^jjxll dJbjj ^jaII 

.(2003 (wiS ^ jfjjc- (j-*-aai 

^ 42aIH 1 djjill 

^jjjJl dJlfl .ciliaAll ^ JIa^VI ^ IjJafr pU^I 

cliV^^ ,1^11 AKal-v-atl Aj-aU *1 __\'v.''4-l-uL< .6.6.5. ^ ^^^aaaaII 

^ CjIjIaI^I ^ diLaluiAlj Cj^L^,iAlj Jljialj ^Lud^)^l 

20 tP! (»JJ^ SjI^V 5jj*-^ uUj-^ CjIjjS ^jJ ja^Up 

dJlfrl U14AJ jk La£ .^kdwull AjaAJ ^jlC’ IjlAifrl (AaaII ^ 

A.^11a1| ^jaa^aII ^^^IaII AjaaHIj aJ^L^ ^.j ^^^aaaaII 

Ulj^i CjIaaIjjI! jifrJjj .ksi 80 j fy = 60 ksi 

CjIjaSJ) ^Ijlj Jiwij tji ^1 j^j ^IajIujVI i^A (1959) (1965) 

^ J^l A.A.i^) JLa^I ^ J^l CJaA^ ^jjxll dJl&Y AmAAi^aII 

dlft ,^jaI| ^jialU liSj 4JA A_aaa^a1) CjIjaIJI 

^laaaj dJl&V A^LiJj A^jUjII djJ^I ^1 ^1 CjLwjIj^I 

dJl&l .6.6.5.1 IjI A^lla 

CjIAjaaII) .(1992 A^jaaaI) jA^UaJl ^jIaajJIj 

u^^UaA.!) ^jaII jt^La j^ Ja^I JjI£ A^Ull ^^)aI| 

AaaajJLj t^jASaJbj ,^jjxll dA£>\ ^ Aa^ Jja^^U 

aIp ^jxJl Aj jjkaj jl.lAAlj ^ (^jaII A^Ijj^I djJiJi CjjJ 

.^^yjAAAll jL^VI ‘-j'-^-^^ Aj^I^) ^jxl ^jIaaa jI>^Aaj dj^jll 

JjJj (j& A^o^Lll) ^jjxll ^jjAuaj ^ Q\ Jjllj i^UlLj 

^jjj dJl&l .^OAi^jll ^ (j& A.^Ulj Jxill 

^ uiwiUa 6.6.5 ^.„5aaaa jA La£ 

6.5 O-A ^JaAA^I AAjjial) AJoujI^ JIjaII tfU^jVl 

^ 8.10.4.3 C5^ ^ 8.10 ^aAA^2ll ^.ijjia AJoujI^ ji 

j^ £iJJ^ dJl&l .^.J ^.^^aaaaII ^jjxll ZlO ^ 

CjLIaC' ^l.l^lyulj I-^AaI-v’; ^ dl^Vl ^Ijj cljUa^lJ) A^i^V A^Ua 

Qji Ja^ ^IaIL 75 ,6.4.3.3 JaaII) jxft^ 

.A^jilj dJl£l CjIjUj&I •Iaju t jAl£ij JaI^I) Ja^I 
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.6.7—Elastic second-order analysis 
6.7.1 General 


6.7.1.1 An elastic second-order analysis shall consider the 
influence of axial loads, presence of cracked regions along the 
length of the member, and effects of load duration. These 
considerations are satisfed using the cross-sectional properties 
defned in 6.7.2. 

<UiUJI ^j^l tJjXI JfJ^I - 6.7 

6.7.1 

(ji i_l^ 6 . 7 . 1.1 

flijlujl ^ AjikjAA ^jlaLla 

.6.7.2 ^JaLdl (j^'l -I ,il^i diljU^VI »JA 


COMMENTARY 


R6.7—Elastic second-order analysis 

R6.7.1 General —In elastic second-order analyses, the 
deformed geometry of the structure is included in the 
equations of equilibrium so that P/S. effects are determined. 
The structure is assumed to remain elastic, but the effects of 
cracking and creep are considered by using a reduced 
stiffness El. In contrast, elastic frst-order analysis satisfes the 
equations of equilibrium using the original undeformed 
geometry of the structure and estimates PA effects by magni 
fying the column-end sway moments using Eq. (6.6.4.6.2a) or 
(6.6.4.6.2b). 

U>^' <^1^1 VJJjill - R6.7 

ijbAMSu ^ t ^ R6.7.1 

(jA . AP ^ CjVjljL.a ^ U 

^ ^ 4ljj.a \\ 

^jaII ^ ^ .>iaA A 

AoIlaII *t ^-y-. .il j (jJljjll C/^Ajla frst 

J^^.axlj ^ AP 4 

.(b6.6.4.6.2) ji (Eq. (6.6.4.6.2a 

R6.7.1.1 The stiffnesses El used in an analysis for strength 
design should represent the stiffnesses of the members 
immediately prior to failure. This is particularly true for a 
second-order analysis that should predict the lateral 
deflections at loads approaching ultimate. The El values 
should not be based solely on the moment-curvature 
relationship for the most highly loaded section along the 
length of each member. Instead, they should correspond to 
the moment-end rotation relationship for a complete member. 
To allow for variability in the actual member properties in the 
analysis, the member properties used in analysis should be 
multiplied by a stiffness reduction factor 4)^: less than 1. The 
cross sectional properties defned in 6.7.2 already include this 
stiffness reduction factor. The stiffness reduction factor (|)a; 
may be taken as 0.875. Note that the overall stiffness is 
further reduced considering that the modulus of elasticity of 
the concrete, Ec, is based on the specified concrete 
compressive strength, while the sway deflections are a 
function of the average concrete strength, which is typically 
higher. 

.....W. jja-v* ^ i. i^f-l ■ .i-v'l l_l^ R6.7.1.1 

^ Jluu IJA (JjiaLj .tjulxa Jji j 4 .dl.jxll 

^ ujj^ 'I Ujjj (ji ^jAII 

El ^ Ajluu V .^14411 

jljjJ ^ ji iiiljj (jA Jjla 

^ (j^'l^ .J-atS j^Jaxi iliSjll ^^4 

J.al£ J 5 IA (jA Jjj^l fji 4 4 ,, 4 '! , 44 A ujtja i_i^ ijjjajjll 

6.7.2 > jjlaa-dl jxJl ^laLdl jl .1 t>a J®' JjlSj 

(J>| 4A- J.atx,.a J.al£ Jx.^tj fjAMlLA 

j^VI ^ J^i qI .(|}K 0.875 

aUjLwjj^l iax^jxj) .lajxj t iAjLyjj^Il Ajjj.aj| d.aU..a ji jUj&Vl 

4 ^L44JJ^I ja4i44jlAj ^ J^i4ll CjUa^IjJ ^ 4 dJA^.Aj| 

.(jjei jjij l-a sJlft 
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6.7.1.2 Slenderness effects along the length of a column shall be 
considered. It shall be permitted to calculate these effects using 
6.6.4.5. 


Jjla ijlC’ 6 .7. 1.2 

. 6 . 6 . 4.5 **" 1^1 

6.7.1.3 The cross-sectional dimensions of each member used in 
an analysis to calculate slenderness effects shall be within 10 
percent of the specifed member dimensions in construction 
documents or the analysis shall be repeated. 


^ j...dUxll JSf jLajVI 6.7.1.3 

jUjVI (jm ZlO ^1^.111 dilj^b uLui^ 

. ji 

6.7.1.4 Redistribution of moments calculated by an elastic 
second-order analysis shall be permitted in accordance with 
6.6.5. 

^j.^1 ^ dJl&L ^Aujj 6.7.1.4 

.6.6.5 -1 

6.7.2 Section properties 

6.7.2.1 Factored load analysis 

6.7.2.1.1 It shall be permitted to use section properties calculated 
in accordance with 6 . 6 .3.1. 

6.7.2 

Jx-^l Jjlaj 6.7.2.1 

.6.6.3.1 *41.^.^ *1 6.7.2.1.1 

6.7.2.2 Service load analysis 

6.7.2.2.1 Immediate and time-dependent deflections due to 
gravity loads shall be calculated in accordance with 24.2. 


6.7.2.2 

J tifij JLa^l l-2-2-7~6 

.24.2 

6.7.2.2.2 Alternatively, it shall be permitted to calculate 
immediate deflections using a moment of inertia of 1.4 times I 
given in 6.6.3.1, or calculated using a more detailed analysis, but 
the value shall not exceed Ig. 


*1 ‘‘(jji Vaj 2 ~ 2 ~ 2 ~ 7~6 

ji i 6.6.3.1 ilulafri I ijA J,4 ^IaII 

,Jg A..a^) Vi (jSl i. 


COMMENTARY 


R6.7.1.2 The maximum moment in a compression member 
may occur between its ends. In computer analysis programs, 
columns may be subdivided using nodes along their length to 
evaluate slenderness effects between the ends. If the column 
is not subdivided along its length, slenderness effects may be 
evaluated using the nonsway moment magnifer method 
specifed in 6 .6.4.5 with member-end moments from the 
second-order elastic analysis as input. Secondorder analysis 
already accounts for the relative displacement of member 
ends. 


^ .^^.1 on ^ ^Jxl R6.7.1.2 

*t ^-vl. .il^, dAA&Vl *J‘ ^ 

iAljia *j ‘ ^ ^ 

A ^ w A\t nonswdy *jA. A^jia aIjII 0^^ 

A^lbll ^jAII (j.a ^ 6 . 6 . 4.5 

LiljlabU ibbLjia. Jailb SCCOndordcr .JiiaS 

, jA.dUilll 


R6.7.2 Section properties 
R6.7.2.2 Ser\ ’ice load analysis 

R6.7.2.2.2 Service load analysis —Refer to R6.6.3.2.2. 


2-7-6 

R6.7.2.2 

.R6.6.3.2.2 J\ i?.jl - J-adI tid^ R6.7.2.2.2 
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6.8—Inelastic second-order analysis 

6.8.1 General 

6.8.1.1 An inelastic second-order analysis shall consider material 
nonlinearity, member curvature and lateral drift, duration of 
loads, shrinkage and creep, and interaction with the supporting 
foundation. 

<wUll ^jJJI ^{J^l - 6.8 

6.8.1 

jLjcVI 6.8.1.1 

.^1.41 ^ J&lklllj 


6.8.1.2 An inelastic second-order analysis procedure shall have 
been shown to result in prediction of strength in substantial 
agreement with results of comprehensive tests of statically 
indeterminate reinforced concrete structures. 


j/nU 6.8.1.2 

U CjljLjkVl (>4 ^ 

6.8.1.3 Slenderness effects along the length of a column shall be 
considered. It shall be permitted to calculate these effects using 
6.6.4.5. 


,.^^^.4x1) Jjia jUj&VI (j\ 6.8.1.3 

.6.6.4.5 uLuixj 

6.8.1.4 The cross-sectional dimensions of each member used in 
an analysis to calculate slenderness effects shall be within 10 
percent of the specifed member dimensions in construction 
documents or the analysis shall be repeated. 


^ i A <-v-. ,1 a' 1 JlxjSh 6.8.1.4 

JUjVI ijA ZlO uLulxl 

, Jjlxlll jlji 

6.8.1.5 Redistribution of moments calculated by an inelastic 
second-order analysis shall not be permitted. 


UJ-4 djl^L ^■4*4.1 V 6.8.1.5 

,^1^1 


COMMENTARY 

R6.8—Inelastic second-order analysis 
R6.8.1 General 

R6.8.1.2 The inelastic second-order analysis procedure 
should predict ultimate loads within 15 percent of those 
reported in tests of indeterminate reinforced concrete 
structures. Assumptions and analysis procedures should be 
evaluated by comparison of results of published tests to those 
predicted by analysis. To allow for variability in the actual 
member properties and in the analysis, the member or 
material properties used in analysis should be based on a 
lowerbound stiffness for concrete elements, consistent with a 
stiffness reduction factor (|)A;of 0.8, as discussed in R6.7.1.1. 

UUJI ^jJJI t>» - R6.8 

R6.8.1 

jaII (>4 Jjlxjll Ujjj (ji R6.8.1.2 

^ i41j Qa ^ 15 

CjLJalj^Vl *JJ4- CjLHaII 

^.j UIjj i41j ^ CjljLlkVl 

(ji i_^ ^ .Jjl&lll 

4.tkikl4 ^ 1 ..\-v-.....'l tjLdI ji ±ajxi 

(0.8 (>4 (|)K! ^ L 4 J j(^Uxll 

.R6.7.1.1 j^>4 jA 


R6.8.1.3 Refer to R6.7.1.2. 
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6.9—Acceptability of finite element analysis 

6.9.1 Finite element analysis to determine load effects shall be 
permitted. 

- 6.9 

^ ..'I ^UuU 6.9.1 

6.9.2 The fnite element model shall be appropriate for its 
intended purpose. 


_ j...dUxh ijjij (jl 6.9.2 

6.9.3 For inelastic analysis, a separate analysis shall be 
performed for each factored load combination. 


(3^1^ ^u^ihlj 6.9.3 

6.9.4 The licensed design professional shall confrm that the 
results are appropriate for the purposes of the analysis. 


^UIll Q\ t flj'.-v A 6.9.4 

6.9.5 The cross-sectional dimensions of each member used in an 
analysis shall be within 10 percent of the specified member 
dimensions in construction documents or the analysis shall be 
repeated. 


^ i .. \-v*. ,,..'1 ^JalaU (ji 6.9.5 

jUjVI ^ ZlO dilj^b uLui^ 

. JaIxjII jIj£j i_^ ji 

6.9.6 Redistribution of moments calculated by an inelastic 
analysis shall not be permitted 

.uj^ djl^b ^Aujj V 6.9.6 


COMMENTARY 


R6.9—Acceptability of fnite element analysis 
R6.9.1 This section was introduced in the 2014 Code to 
explicitly recognize a widely used analysis method. 


.R6.7.1.2 R6.8.1.3 

~ R6.9 

Jjlaall ^jla (jft ju*!'.' 2014 jJaLdl IJA Jiji R6.9.1 

a A ^■v'.. .ia\I 

R6.9.2 The licensed design professional should ensure that an 
appropriate analysis model is used for the particular problem 
of interest. This includes selection of computer software 
program, element type, model mesh, and other modeling 
assumptions. A great variety of fnite element analysis 
computer software programs are available, including those 
that perform static, dynamic, elastic, and inelastic analysis. 
The element types used should be capable of determining the 
response required. Finite element models may have beam- 
column elements that model structural framing members, 
such as beams and columns, along with plane stress elements; 
plate elements; and shell elements, brick elements, or both, 
that are used to model the floor slabs, mat foundations, 
diaphragms, walls, and connections. The model mesh size 
selected should be capable of determining the structural 
response in sufficient detail. The use of any set of reasonable 
assumptions for member stiffness is allowed. 


j.dl -tj.a.wa'i') R6.9.2 

^ 

5^1 j4l liUj ^ Lu i fnite element jaIjj (ja kcrjjlaj 

(jjSj (ji .(jjA J^J (jjAj ^^^SjaLuJj ilub fjij 

jAdLjxll ulcr Sjjli i 

j^Ull ‘ 

Jaiua id±a&Vlj CjIjaIII 

. <-v'. .1* t jl lujlall ijA jAdUc jl jAoiAC’ 

1 i i CjLaLuiVIj i AAAdjVI cjUa!:lj 4 .^aaI1 

IjiC’ IjJLS 

ijA ^AJA^ j\ .1 <-v*. .il^i c3j‘^**V "V* 

,jAdUilll CjUdljUSVI 


R6.9.3 For inelastic fnite element analysis, the rules of linear 
superposition do not apply. To determine the ultimate 
member inelastic response, for example, it is not correct to 
analyze for service loads and subsequently combine the 
results linearly using load factors. A separate inelastic 
analysis should be performed for each factored load 
combination. 

jcljs (j.Ji.i'i V i (jjaII fnite A.,UAillj R6.9.3 

iJlAAil 4J^Uxll ^JaII 

^ (3^ UJ^ (3«^^Ia JaI^ JaIjP *1 ^-v*.. 

,^j^1a Jaa^ 
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CHAPTER 7—ONE-WAY SLABS 



7.1 — Scope 


R7—ONE-WAY SLABS 

7.1.1 This chapter shall apply to the design of nonprestressed and 


R7.1—Scope 

prestressed slabs reinforced for flexure in one direction, 


R7.1.1 The design and construction of composite slabs on 

including: 


steel deck is described in “Standard for Composite Steel 

(a) Solid slabs 


Floor Deck - Slabs” (SDI C). Provisions for one-way joist 

(b) Slabs cast on stay-in-place, noncomposite steel deck 

(c) Composite slabs of concrete elements constructed in separate 
placements but connected so that all elements resist loads as a 
unit 

(d) Precast, prestressed hollow-core slabs 


systems are provided in Chapter 9. 

JAlj eUii - 7 



7.1 


olui ti^iUaUJI - R7 

CjUa^LJj 1-1-7 


Jb-dl R7.1 

■ ^ Lftj ^ 


R7.1.1 

CiUa^LlI 


.(SDI C) " CjUaiUl - 4^ >»ll ji CjUaiU ,.^1411 



.9 ^ dl^Vl Aja^xaII kliUa^LII A.Ai^V 

^ jA^Uxll 

d.A^lj JLa^VI jA^UxI) AX^la 


7.2 — General 



7.2.1 The effects of concentrated loads and openings shall be 


R7.2—General 

considered in design. 


R7.2.1 The influence of slab openings on flexural and shear 

j»l* 7.2 


strength is to be considered, including evaluating the potential 

^ djS j.aI| JLa^VI J^^Vl (_gk 7.2.1 


for critical sections created by the openings. Concentrated 
loads and slab openings may cause regions of one-way slabs 

7.2.2 Materials 

7.2.2.1 Design properties for concrete shall be selected to be in 
accordance with Chapter 19. 


to have two-way behavior. 

Jl>dl 7.2.2 


laU R7.2 

19 7 2 2 1 


L5^ jl^Vl ^ ikjJ 1-7-7 

f'jC. AjxjUll Aj^ jjxll ^ 1 Loj ii vaill ^ ^ ^ q 

1.2.2.2 Design properties for steel reinforcement shall be selected 
to be in accordance with Chapter 20. 

(jiljUl ^uluull ^ .^K't . .A.y.ui .^-v jLu^i 7 2 2 2 

.20 

7.2.2.3 Materials, design, and detailing requirements for 
embedments in concrete shall be in accordance with 20.7. 

^ ^ t-.i au-A fjj^ 7.2.2.3 

.20.7 -1 tiaj 

7.2.3 Connection to other members 

7.2.3.1 For cast-in-place construction, beam-column and slab- 
column joints shall satisfy Chapter 15. 


(^1 Aja!!;lJl diLaafij .Llila,!iall 

djlj cJl^yo Jl :i=.lj dI^VI cui:: djlj 
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j^UxJbJL^Vl 7.2.3 

^ Aia^ Ja^LLa dj.a£Jlj 4 .aaau11j 7 .2.3.1 

.15 o' 4*^ 


7.2.3.2 For precast construction, connections shall satisfy the 
force transfer requirements of 16.2. 


OjUliald ‘.*yj 4C-iA^j 7.2.3.2 

.16.2-1 tSaj Sjill 


7.3—Design limits 

7.3.1 Minimum slab thickness 

7.3.1.1 For solid nonprestressed slabs not supporting or attached 
to partitions or other construction likely to be damaged by large 
deflections, overall slab thickness h shall not be less than the 
limits in Table 7.3.1.1, unless the calculated deflection limits of 
7.3.2 are satisfed. 

p:" - 7.3 

liLuAi Jai 7.3.1 

ia^jj ji V CjUa^t^ 7.3.1.1 

iiloAAi 0.9% (jl ‘.'yj V flL jl ejl&Uaij 

^ Li i 1.1.3-7 ^ V.*'*" o^ 

.9Lajlui.a .7.3.2 -1 ^ 

Table 7.3.1.1—Minimum thickness of solid nonprestressed 
one-way slabs 


9l%il ^ ^jjall A.’ijA/a.A'I ejUa!%U Jsi — 7.3.1.1 

±klj 


Support condition 

Minimum hm 

Simply supported 

tm 

One end continuous 

f/24 

Both ends continuous 

an 

Cantilever 

am 


[i]Expression applicable for normalweight concrete and/v= 420 MPa. For other 
cases, minimum h shall be modifed in accordance with 7.3.1.1.1 thi'ough 7.3.1.1.3, 
as appropriate. 


‘c5 iIjVIaJI .fy = 420 MPa ^lui jiJ) [1 

.fLdiiaVl . 7.3.1.1.3 7.3.1.1.1 -1 h 


COMMENTARY 


R7.3—Design limits 

R7.3.1 Minimum slab thickness —The basis for minimum 
thickness for one-way slabs is the same as that for beams. 
Refer to R9.3.1 for additional information. 


[titeiniill - R7.3 

sUjVI OiUaiLU LuJll 4iUudl R7.3.1 

J.gAAa'vIl R9.3.1 0^1 aOaauHj ^LuiVl o^^ 

.<UaL<al iIjl..a.9la.A 


R7.3.2 Calculated deflection limits —The basis for calculated 
deflections for one-way slabs is the same as that for beams. 
Refer to R9.3.2 for additional information 

. .i-vU CjUIaaII ^LajI - R7.3.2 

Actual CiLa.^^l9L.a R9.3.2 
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7.3.1.1.1 For fy other than 420 MPa, the expressions in Table 

7.3.1.1 shall be multiplied by (0.4 +/y700). 


^ »Jjljll ejljjjxjll i-ieL.2aj i 420 MPa fy 'tiudlb i - t - i -f-V 


( 0.4 +fyn00). ui -r-v 


7.3.1.1.2 For nonprestressed slabs made of lightweight concrete 
having tvcin the range of 1440 to 1840 kg/m^, the expressions in 
Table 7.3.1.1 shall be multiplied by the greater of (a) 
and (b): 

(a) 1.65 - 0.003^^ 

(b) 1.09 

UJ.^^ ^ CjUa^UIl ^uavlLj Y-i - i -T-V 

SjjIjII litLiftLij 1 1840 kg/m^ ^^>1440 oH <3*^ t#® wc 


:(uj(i) 0- Mi 1 -1 -r-v J 
1.65-0.003wc(i) 

1.09 (v) 


7.3.1.1.3 For nonprestressed composite slabs made of a 
combination of lightweight and normalweight concrete, shored 
during construction, and where the lightweight concrete is in 
compression, the modifer of 7.3.1.1.2 shall apply. 

^j.a (jA CjUa^t^ 3-l-l-3~7 

^Lui ^ uJj AJaH, ^ 

.7.3.1.1.2 ^ daULlajVI uJjll UJ^ 

7.3.1.2 The thickness of a concrete floor finish shall be permitted 
to be included in h if it is placed monolithically with the floor 
slab or if the floor fnish is designed to be composite with the 
floor slab in accordance with 16.4. 

^a mj Y-i-T-V 

^ |4| ji 4j.4ajVl ^ 


. n, 4 J (Lla ^jVl ALib 


7.3.2 Calculated deflection limits 

7.3.2.1 For nonprestressed slabs not satisfying 7.3.1 and for 
prestressed slabs, immediate and time-dependent deflections 
shall be calculated in accordance with 24.2 and shall not exceed 
the limits in 24.2.2. 

‘.'J' 4j4^ 7.3.2 

7.3.1 V JLfa.Vl iiiUaiUl 4 j*^Ij 1-2-3-7 
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7.3.2.2 For nonprestressed composite concrete slabs satisfying 
7.3.1, deflections occurring after the member becomes composite 
need not be calculated. Deftections occurring before the member 
becomes composite shall be investigated, unless the 
precomposite thickness also satisfies 7.3.1. 

CjUa^Lll AjmuIL 7.3.2.2 

^ (jl ^ i_^ V ‘7.3.1 ^ 



7.3.3 Reinforcement strain limit in nonprestressed slabs 
7.3.3.1 For nonprestressed slabs, Ef shall be at least 0.004. 


cjUa!:Uh ^ “'W Jtiiljl 7.3.3 

Et ‘ ‘IdiUa^sLU ‘t.uj.'llj 7.3.3.1 


.0.004 


7.3.4 Stress limits in prestressed slabs 


yi ‘ t. ^ ^ yi jj-^ 7. 3- 4 


7.3.4.1 Prestressed slabs shall be classifed as Class U, T, or C in 
accordance with 24.5.2. 


C T u lA jUjcIj ji^yi‘ ^ ^ ^/ 


24.5.2 -1 


7.3.4.2 Stresses in prestressed slabs immediately after transfer 
and at service loads shall not exceed the permissible stresses in 
24.5.3 and 24.5.4. 


Jilll Jxj ji^yi ‘LSmm ^ 3diUL^Sh Vi 2-4-3~7 

J 24.5.3 dibl^VI ijic- > j4iiU.a 


.24.5.4 
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7.4—Required strength 

7.4.1 General 

7.4.1.1 Required strength shall be calculated in accordanc with 
the factored load combinations in Chapter 5. 


— 7.4 
7.4.1 

,5 ^ ^ 7.4.1.1 

7.4.1.2 Required strength shall be calculated in accordance with 
the analysis procedures in Chapter 6. 


.6 Jiflill ^ jljll Jjlajll iSsj JjjlliAll Sjill 7.4.1.2 

7.4.1.3 For prestressed slabs, effects of reactions induced by 
prestressing shall be considered in accordance with 5.3.11. 


JUiVI JjJj Cjlj^b ^cliUa^Ch 7.4.1.3 

.5.3.11 4 ^ 

7.4.2 Factored moment 

7.4.2.1 For slabs built integrally with supports. Mu at the support 
shall be permitted to be calculated at the face of support. 

7.4.2 

i^Mu ^ J.al£!l.a CjUa5t^ 7.4.2.1 

jll .lie 9j^jll 

7.4.3 Factored shear 

7.4.3.1 For slabs built integrally with supports, Vu at the support 
shall be permitted to be calculated at the face of support. 

7.4.3 

Yu ^ J.al£la 7.4.3.1 

jll .lie 9j^jll 

7.4.3.2 Sections between the face of support and a critical section 
located d from the face of support for nonprestressed slabs or h/2 
from the face of support for prestressed slabs shall be permitted 
to be designed for Vu at that critical section if (a) through (c) are 
satisfed; 

(a) Support reaction, in direction of applied shear, introduces 
compression into the end region of the slab 

(b) Loads are applied at or near the top surface of the slab 

(c) No concentrated load occurs between the face of support and 
critical section 


COMMENTARY 


R7.4—Required strength 

R7.4.3 Factored shear 

R7.4.3.2 The requirements for the selection of the critical 
section for shear in one-way slabs are the same as those for 
beams. Refer to R9.4.3.2 for additional information. 

<y^MI 6^1 - R7.4 
R7.4.3 

dlUallL ^ A > .-il -sli 2“3“7“4 

lihi'i.fl el^ViR9.4.3.2 
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ijA d 5j^ jll 4 aj ^tAuu 7.4.3.2 

fjjUa^^Ldl dj^^l ^ /2/2 ji jI^.^VI 

4j.a ^ Cul£ iJj IIa ^ Yu J^i ijA Jl^yi <luMA 

^ iaLJal) l}^<^ dl^l ^ idj^jll JaiS ■ij (i) 

^iLU 

AIa uj^L ji JLo^Vl ^ 

^jxJl 3jll <Laij ja J^LtXij V 


7.5—Design strength 

7.5.1 General 

7.5.1.1 For each applicable factored load combination, design 
strength at all sections shall satisfy (t)Sn > U including (a) and 
(b). Interaction between load effects shall be considered. 

(a) (|)Afn ^ A/h 

(b) iy,,>y« 

^iUll - 7.5 
j»le 7.5.1 

(jl i_i^ ijJjjlajU ALli ^uji.V'Ij 7 .5.1.1 

.(v) J (^) ^ (|)Sn ^ U 

(t)Mn > Mu (i) 
<|)Vn > Vu (s') 

7.5.1.2 (|) shall be determined in accordance with 21.2. 

.21.2 4 Ciij Ujjjxj ^ ij\ (j) 7.5.1.2 

7.5.2 Moment 

7.5.2.1 Mn shall be calculated in accordance with 22.3. 


j»>h 7.5.2 
.22.3 4 £iaj 41 ^ Mn 7.5.2.1 

1.5.2.2 For prestressed slabs, external tendons shall be 
considered as unbonded tendons in calculating flexural strength, 
unless the external tendons are effectively bonded to the concrete 
section along the entire length. 

j^l .1.^1 di^sljLS jfiiiJ ^ CjUa^44 7.5.2.2 

Aia^j.a ^ La tpLIxjVl uLaax ^ 4ja^j.a 

Jjlall yfft ^^Lajijilt ^ Jl»i 


COMMENTARY 


R7.5—Design strength 
R7.5.1 General 
R7.5.1.1 Refer to R9.5.1.1. 
R7.5.2 Moment 


- R7.5 

R7.5.1 

.R9.5.1.1 J^\ R7.5.1.1 

f>> R7.5.2 

R7.5.2.3 This provision applies only where a T-beam is 
parallel to the span of a one-way slab. For example, this beam 
might be used to support a wall or concentrated load that the 
slab alone cannot support. In that case, the primary slab 
reinforcement is parallel to the beam and the perpendicular 
reinforcement is usually sized for temperature and shrinkage. 
The reinforcement required by this provision is intended to 
consider “unintended” negative moments that may develop 
over the beam that exceed the requirements for temperature 
and shrinkage reinforcement alone. 

Jjla ^ Ljljla jii jilt oJ% Lajjft VI ^SaJl lift (jjfaij V 3-2-7-7 

jIJx ^lj.>lll IjA "I ^ tjb.all .'^Ij tL^I 

t<ULxll tJA ^ <Lit.djVI Aia^ AjAii (jl V j^j.> J'xx jl 

^J^^.axll dJl£ Ja^t^ ^^LujVI 

^ ji^l jA *S-vtt ^4| ^4wil!l ^ ^^LaSjVlj djl^>xfl 

JjLx^ ,_^l ^lj.aill (.>41 "»<j'^a a'1 jjC" <Lu1ui 1| ^jjxll 

^La£jVI ^jL djijxfl .->1 
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7.5.2.3 If primary flexural reinforcement in a slab that is 
considered to be a T-beam flange is parallel to the longitudinal 
axis of the beam, reinforcement perpendicular to the longitudinal 
axis of the beam shall be provided in the top of the slab in 
accordance with (a) and (b). This provision does not apply to 
joist construction. 

(a) Slab reinforcement perpendicular to the beam shall be 
designed to resist the factored load on the overhanging slab 
width assumed to act as a cantilever. 

(b) Only the effective overhanging slab width in accordance with 
6.3.2 need be considered. 


L4iill ^ ^ 7.5.2.3 

(j* V .(ij) j (i) J liij JJaiUU ^ 6' 

CjUa^LlI ijlC' 

JjjjS Q\ (jijiLdl J*dl 

.2-3-6 4 CSSj (J Jaa.l) JJaihll Jjl4l jkJI VI jlaill (jJiUJ V (ij) 


7.5.3 Shear 

7.5.3.1 Vn shall be calculated in accordance with 22.5. 

7.5.3.2 For composite concrete slabs, horizontal shear strength 
Vnh shall be calculated in accordance with 16.4. 

7.5.3 

.22.5 4 taij uiu*^ Vn 7.5.3.1 

A.^Vi (_>.aall aj3 <. il U1-. ^ Aa*.iullj 7.5.3.2 

16.4 4 Uaj 


COMMENTARY 
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7.6—Reinforcement limits 

7.6.1 Minimum flexural reinforcement in nonprestressed slabs 


ei»i»i>iii - 7.6 

I "<t U*'J >11 ^ a 'iSj 1 a ^ // ^ i/, ? 1V/ w // I 

7.6.1.1 A minimum area of flexural reinforcement, As,min, 
shall be provided in accordance with Table 7.6.1.1. 


LflSj t_4 As,min ijal 7.6.1.1 

.7.6.1.1 

Table 7.6.1.1— As,minior nonprestressed one-way slabs 

i-^lj j^t iJjLSaH^ ^jhio (J3t 7.6.1.1 


Table 7.6.1.1— As^mn tor nonprestressed one-way 
slabs 


Reinforcement 

type 

/„MPa 


Deformed bars 

<420 

0.00204g 

Deformed bars 

or welded wire 
reinforcement 

>420 

Greater 

of: 

0.0018x420 , 

/, 

0.00144 


7.6.2 Minimum flexural reinforcement in prestressed slabs 

7.6.2 Minimum flexural reinforcement in prestressed slabs 
7.6.2.1 For slabs with bonded prestressed reinforcement, total 
quantity of As and Aps shall be adequate to develop a factored 
load at least 1.2 times the cracking load calculated on the basis of 
/ras given in 19.2.3. 


ji^yi cjihitfll^pU^iUjtjLLiJI ua7/7.6.2 

05^ (ji CjIJ CjUa^t^ 7.6.2.1 

JsSlI Sj-* 1.2 Aps J As -1 

.19.2.3 fl ^L-ul Li^^A'XA 

7.6.2.2 For slabs with both flexural and shear design strength at 
least twice the required strength, 7.6.2.1 need not be satisfed. 


(jl 7.6.2.2 

(^j^AAA (jjSj (ji V 7.6.2.1 sjill L.a«.Ja Qf- JL V U 


COMMENTARY 

R7.6—Reinforcement limits 

R7.6.1 Minimum flexural reinforcement in nonprestressed 
slabs 

R7.6.1.1 The required area of deformed or welded wire 
reinforcement used as minimum flexural reinforcement is the 
same as provided for shrinkage and temperature in 24.4.3.2. 
However, whereas shrinkage and temperature reinforcement 
is permitted to be distributed between the two faces of the 
slab as deemed appropriate for specifc conditions, minimum 
flexural reinforcement should be placed as close as 
practicable to the face of the concrete in tension due to 
applied loads. 


Ciitliiiiill - R7.6 
CjljaJl iIiUailAl ^ jtiLjillll ^ JaJi R7.6.1 

A ji A *Jt-v ^aLaU ^ 1-1-7-7 

^aaaaa yi iiihj .24.4.3.2 (_pUli5U 

-»< 4-v ..'1 aIjj La i_iua^ Qaj 

Ulafr ^ ^-4aj 

ajLi^tl JLa^Vl >^441) ^ 


R7.6.2 Minimum flexural reinforcement in prestressed 
slabs —The requirements for minimum flexural reinforcement 
for prestressed one-way slabs are the same as those for 
prestressed beams. Refer to R9.6.2 for additional information. 

Uilku - jL^VI ^Iaaaa CjUaiLlI ^ (lUaJiU Ujll JtA44:ill R7.6.2 

Aljl.4a4ll Aljjlall ^UAjbU ^uLaull QA illUUalAll 

R9.6.2 ^Iaaala 4l4lj.a£llj AiHaIaI) iillli AAAAjtiA “'ft* 

.^USLadl cliLajlxA ijiC’ 
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7.6.2.3 For slabs with unbonded tendons, the minimum area of 
bonded deformed longitudinal reinforcement. As,min. shall be; 
4.,„,„>0.004^„ (7.6.2.3) 

where Act is the area of that part of the cross section between the 
flexural tension face and the centroid of the gross section. 

LaS jjt-v a\i 

4.,„,„>0.004^„ (7.6.2.3) 

.14^1 A^J ^JalAll Qa f 4113 

.(.flill ^laLall j£jAj 

7.6.3 Minimum shear reinforcement 


7.6.3.1 A minimum area of shear reinforcement, Av,mm, shall be 
provided in all regions where Vu > (t)yc. For precast prestressed 
hollow-core slabs with untopped h > 12.5 in., Av,min shall be 
provided in all regions where Vu > O.StjjVcw. 


(j^iU jtiiuij Jai 7.6.3 

(jhlUll ^ 4 Av.min ^uLaj A^Laa Jsi ja^jj 7.6.3.1 
ll .A d.JjjAll AAijma AIjLa ejUa^t^ a^jaaHL .VuX^Vc 

03^ (jlaUAll ^ ^jVI Jail jjSjj Av.min J ‘> 315 mm 

.y»>o.54)y™i^ 

7.6.3.2 If shown by testing that the required Mn and Vn can be 
developed, 7.6.3.1 need not be satisfed. Such tests shall simulate 
effects of differential settlement, creep, shrinkage, and 
temperature change, based on a realistic assessment of these 
effects occurring in service. 

ili iC^jIIsaII Yn j Mn jjjlaj jlAAiVl J5ti ijif '^1 7.63.2 

dijlildl CaIjIaa^VI tJA ^laA (ji la^ .7.6.3.1 f-* 

CaIj^IaII ^a^ ijic. ^Iaa 4»jljall ^jJ (JaIa£aVIj t-lajllj 

_Aja 4 -v\I ^ 4 ^aaA 

7.6.3.3 If shear reinforcement is required, Av,mm shall be in 
accordance with 9.6.3.3. 


J liij iAv.min yjJVl JaJi QjSa (ji iljjlka (jAaill jiaLaa ijj 7.6.3.3 

.9.6.3.3 


COMMENTARY 


R7.6.3 Minimum shear reinforcement —The basis for 
minimum shear reinforcement for one-way slabs is the same 
as that for beams. Refer to R9.6.3 for additional information. 


^^aiaI .^^1 ^IaajI J a a ^u - ^4aa R7.6.3 

^jl .CaIja£1| ^ LaS (jaLi ^ CAUa!!t^ 

,^La3| caLa^jIxa Jj‘A4-vU ](9.6.3 

R7.6.3.1 Solid slabs and footings have less stringent 
minimum shear reinforcement requirements than beams 
because there is a possibility of load sharing between weak 
and strong areas. However, research (Angelakos et al. 2001; 
Lubell et al. 2004; Brown et al. 2006) has shown that deep, 
lightly reinforced one-way slabs, particularly if constructed 
with high-strength concrete or concrete having a small coarse 
aggregate size, may fail at shears less than Vc calculated from 
Eq. (22.5.5.1). One-way slabs subjected to concentrated loads 
are more likely to exhibit this vulnerability. Results of tests 
on precast, prestressed hollow-core units (Becker and 
Buettner 1985; Anderson 1978) with h < 315 mm. have 
shown shear strengths greater than those calculated by Eq. 
(22.5.8.3.1a) and Eq. (22.5.8.3.2). Results of tests on hollow- 
core units with h > 315mm. have shown that web-shear 
strengths in end regions can be less than strengths calculated 
by Eq. (22.5.8.3.2). In contrast, flexureshear strengths in the 
deeper hollow-core units equaled or exceeded strengths 
calculated by Eq. (22.5.8.3.1a). 

ijA Jsi diUllalu AALall CliUa^stAll R7.6.3.1 

,4a^^)j At ajA *a\I Ja^I ^tSAl i^IaA (jV CaIjaSI) 

Lubell et al. ^ Angelakos et al. 2001) caa^I Jia 

ALLik sLjaVI A^iiAxli liUaiUi jji (Browu et al. 2006 ^ 2004 

Ca| 3 AtfilA^lj At^l£ jl aLjLaaj^I (ja Ax'uriA CajI£ l3l Ia^ V A 

^ ^ yd O'* (3^1 CaL^AaII (JaaAJ A .JJ* (JAA^I 

sUaVI tliUailA (J^J*A tji (> .(22.5.5.1) (> 

Ijlc. AliljlAlkVI aIij^I .aL^VI ij^JA JLa^V ^AAakA 

j j£^) A^Iaaa ^j^.a1| aJI^VI Ata^i.,,4 itj-v ^'1 aIiI^^I 

oaill 9ja.j»Ah<315 (Anderson 1978 ^ Buettner 1985 
Eq. j (Eq. (22.5.8.3.1a 4iaAAljj SajaasaaH liUi ^ 
h> 315 5-» iJs. AjAljlAliVl julil aJaj^i .((22.5.8.3.2 

IJA Jai ljj$A (ji O^AA aUjI^aII (jhliAi'l iji aL^iUA Ijic. aIiIJaa 

tjla Alillj ^jA (j lajli . ' ) -(Eq. (22.5.8.3.2 aIsaaIja ^jaa -^ a I ) Sjill 

ji ^jIaaj 'Att aIaI. 1^^1 ^ lallj 

.(a22.5.8.3.1) .^.^IaaII aUsaaI^ ^jaaa^a4i lallj 

R7.6.3.2 The basis for the testing-based strength evaluation 
for one-way slabs is the same as that for beams. Refer to 
R9.6.3.2 for additional information. 

slaJil aJaIJ CAliaiUl jUliVl faAiail 5jilt 03% V-T'-V-t 

R9.6.3.2 u^\ jaa*a AUAiLi ja 

.A^LaasI CaIajIxa ijic. 
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7.6.4 Minimum shrinkage and temperature reinforcement 

7.6.4.1 Reinforcement shall be provided to resist shrinkage and 
temperature stresses in accordance with 24.4. 


drtS Jfii 7.6.4 

J ^LoSjVI ^ 7.6.4.1 

.24.4 

7.6.4.2 If prestressed shrinkage and temperature reinforcement in 
accordance with 24.4.4 is used, 7.6.4.2.1 through 7.6.4.2.3 shall 
apply. 


djl ^ ^ iJl 7.6.4.2 

.7.6.4.2.3 0- 7.6.4.2.1 cSA?^ ‘24.4.4 -1 

7.6.4.2.1 For monolithic, cast-in-place, post-tensioned beam-and- 
slab construction, gross concrete area shall consist of the total 
beam area including the slab thickness and the slab area within 
half the clear distance to adjacent beam webs. It shall be 
permitted to include the effective force in beam tendons in the 
calculation of total prestress force acting on gross concrete area. 

-dj.a£ll flL ^ \ - t -1-1-V 

^ ‘UlSlI 

‘ lilij ^ Loj AaISI) 

i_i^ ‘-'IS;- ijl] 

‘UlSlj djfi ^ AwJl 

7.6.4.2.2 If slabs are supported on walls or not cast 
monolithically with beams, gross concrete area is the slab section 
tributary to the tendon or tendon group. 

(Jltij SjSjjA jjij ^ ji (jljJ^I (jlft »jijjA cjUajl4l ciiiLS |j| 7.6.4.2.2 
^1 AjuUll ^jt4l ^JaiA AaISII ^Laa (jU idjA^ll ^ (jajI^aa 

,A4aI 1 CjjLlS ji A^^l JjlS 


7.6.4.2.3 At least one tendon is required in the slab between faces 
of adjacent beams or walls. 


9j^j (jjj AJajUJl JaVI yJft i*A JjIS j»jL 7.6.4.2.3 

.(jlj.1^1 ji 9jjlai»Jl dll jaSII 


COMMENTARY 


R7.6.4 Minimum shrinkage and temperature reinforcement 
R7.6.4.2 In prestressed monolithic beam-and-slab 
construction, at least one shrinkage and temperature tendon is 
required between beams, even if the beam tendons alone 
provide at least 0.7 MPa average compressive stress as 
required by 24.4.4.1 on the gross concrete area as defned in 
7.6.4.2.I. A tendon of any size is permissible as long as all 
other requirements of 7.6.4.2 and 7.7.6.3 are satisfed. 
Application of the provisions of 7.6.4.2 and 1.1.63 to 
monolithic, cast-in-place, post tensioned, beam-and-slab 
construction is illustrated in Fig. R7.6.4.2. Tendons used for 
shrinkage and temperature reinforcement should be 
positioned as close as practicable to the mid-depth of the slab. 
In cases where the shrinkage and temperature tendons are 
used for supporting the principal tendons, variations from the 
slab centroid are permissible; however, the resultant of the 
shrinkage and temperature tendons should not fall outside the 
middle third of the slab thickness. The effects of slab 
shortening should be evaluated to ensure the effectiveness of 
the prestressing. In most cases, the low level of prestressing 
recommended should not cause diffculties in a properly 
detailed structure. Additional attention may be required 
where thermal effects become signifcant. 



Beam and slab tendons wit 
cross-hatched area must 
provide 0.7 MPa minimum 
average compressive stres 
in cross-hatched area {gros 
area tributary to each beanr 


-1.8 m maximum 
per 7.7.6.3.1 (typical) 
See 7.7.6.3.2 for 
additional reinforcement 
required when spacing 
exceeds 1.4 m. 


Fig. R7,6.4.2 Section through beams cast monolithically with slab. 


SjljaJi ^jjj (jiUUjU ^jVI JadI R7.6.4 
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COMMENTARY 

A^UaII plL ^ Y-i-i-'V 

CijI£ iJl djij^lj A^IaSjVI QA jivi ^\j 

IMPd 0.7 U^ V Uil^j (liljAill CjIj 14^1 
^ Lft£ A.^Ua« ^Lft^Vl 4j>a ^ u^^lixa jib LaS JoaujIa!) 

^^A^ ^1 LaIUs Aj ^jAum j\ (jA AwJl JjI^ .7.6.4.2.1 

-4-1-6 .alijl4A« 7.7.6.3 j 7.6.4.2 c> tJjUlklAH 

cjjja^aII u ,fl.\l'^Aill fU^l 7.7.6.3 j 7.6.4.2 2 

Iwiil CjIjaLI) t (La 4jliA ^ 

LLafr ^j^Aa ^ A^jJj ^ulyuj ^ ^.I^I^aaI) 

A^jJj jIjjI ^ .(3*^) “- ^1 

AJaill) djl^)^) 

5jl(jiLaijVl jljji O^ U*^ C5*^ ‘ 

^LauaI AJa^l^l jIjI .AJa^LJ) ^Ia4a! JsaujVI 

^jluiA ^jlaLi^l (ji V ^iaxA ^ .^jjahaII jI^VI 

j£.Jij Ai,4^iA A^ ^ (JjlilLwijI <^j.^ ^1 Aj ^j^ja1\ ^JjauaII jI^.^V1 
iJa^ ^LuAVI (Ja Jjja iilUA qJ^ 

,1 JAU^ ^jl 
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7.7—Reinforcement detailing 

7.7.1 General 

7.7.1.1 Concrete cover for reinforcement shall be in accordance 
with 20.6.1. 

- 7.7 

7.7.1 

.20.6.1 4 Clauil (ji 7.7.1.1 

7.7.1.2 Development lengths of deformed and prestressed 
reinforcement shall be in accordance with 25.4. 

.25.4 

7.7.1.3 Splices of deformed reinforcement shall be in accordance 
with 25.5. 

.25.5 4 tSaj (jjla-dl ,jjSj ij\ 7.7.13 

7.7.1.4 Bundled bars shall be in accordance with 25.6. 

.25.6 4 CM® 7.7.1.4 

7.7.2 Reinforcement spacing 

jc-Im 7. 7.2 

7.7.2.1 Minimum spacing s shall be in accordance with 25.2. 

.25.2 4 Caij s on Jai u' 7.7.2.1 

7.7.2.2 For nonprestressed and Class C prestressed slabs, spacing 
of bonded longitudinal reinforcement closest to the tension face 
shall not exceed s given in 24.3. 


1 C ‘ ^ ^^CjUa5t^ 7.7.2.2 

$ .liii) (j^\ iajljldl Jjjj Vi 

.24.3 (J 

7.7.2.3 Maximum spacing s of deformed reinforcement shall be 
the lesser of 3h and 450 mm. 


450 j 3h jiAjull ijM SiUjia UJ% o' 4*^ 7.7.2.3 

■r 

7.7.2.4 Spacing of reinforcement required by 7.5.2.3 shall not 
exceed the lesser of 5h and 450 mm. 


COMMENTARY 

R7.7—Reinforcement detailing 
R7.7.2 Reinforcement spacing 

R7.7.2.4 The spacing limitations for slab reinforcement are 
based on flange thickness, which for tapered flanges can be 
taken as the average thickness. 


- R7.7 
^ SiUjiall R7.7.2 

flangi <4 auj .^Uj R7.7.2.4 

.(4.0^1 isA^jILa 1^1 .A^jj <.7U.laflmigeS 
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.j«450 j 5li Cf- 1.5.13 -i Jjj2 Vi 7.7.2.4 

7.7.3 Flexural reinforcement in nonprestressed slabs 

7.7.3.1 Calculated tensile or compressive force in reinforcement 

at each section of the slab shall be developed on each side of that 

section. 


AIauu ^ ^uluu 7.7.3 

^ j£ ^ ^ --'I Jaxiiall ji Auill 7.7.3.1 

.^JaLdl IjA ^ 

1.1.5.2 Critical locations for development of reinforcement are 
points of maximum stress and points along the span where bent 
or terminated tension reinforcement is no longer required to 
resist flexure. 

jjlft Jalilllj Jtiljiill jJjlail ^.jaJl jil jaII 7.7.3.2 

ji iilUA ^ Jl .^1 


1.1.3.3 Reinforcement shall extend beyond the point at which it 
is no longer required to resist flexure for a distance at least the 
greater of d and lldb, except at supports of simply-supported 
spans and at free ends of cantilevers. 

^ ^ Aiaill) Qx Jaji 1.1.3.3 

^ (iLjaLiIj iJaSll (_jle 12dbj c/ 6^ V 

ciljlaSh jUluVI 4J3J.UU 

7.7.3.4 Continuing flexural tension reinforcement shall have an 
embedment length at least (d beyond the point where bent or 
terminated tension reinforcement is no longer required to resist 
flexure. 

fdCfi V Jjia >1^) 7.7.3.4 

.pUaJSfl 


COMMENTARY 


R7.7.3 Flexural reinforcement in nonprestressed slabs — 
Requirements for development of reinforcement in one-way 
slabs are similar to those for beams. Refer to R9.7.3 for 
additional information. 

■ -'I - 4.^ j.dl ^ 4 jWi .*'1 2-1-1 

IjW ,3.A.>cVtj 4 liUj iliUa^slj ^ ^uluull JJjlaj 

R9.7.3^1^! 
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7.7.3.5 Flexural tension reinforcement shall not be terminated in 
a tension zone unless (a), (b), or (c) is satisfed; 

(a) Vu < (2/3)(|) Vn at the cutoff point. 

(b) For No. 11 bars and smaller, continuing reinforcement 
provides double the area required for flexure at the cutoff point 
andyH<(3/4)(|)y«. 

(c) Stirrup area in excess of that required for shear is provided 
along each terminated bar or wire over a distance 3/4d from the 
termination point. Excess stirrup area shall be not less than 
6Qbwslfyt. S pacing s shall not exceed rf/(8Pi). 


^ La a4i ^ gL < A f-1 a .!*< V 7,7,3,5 

i M 

.jiaill Aiail Vu < (2/3)4) (*) 

‘ "■t-' jSjj jAiuuall ^uluull ‘Lo^^ ji-tidVIj 11 

.Vu< (3/4)4) F/i J Aiaij AoC CjUxoll ^UoiAll 

i41j djLjll ^ ilaljlilj ^ (^) 

Vi 4jalj ^ 3IAd iilLoj ji 

Vi .60bws/fyl Cfi dlLjUll ^uluu 

.^//(SPi) (jft 


7.7.3.6 Adequate anchorage shall be provided for tension 
reinforcement where reinforcement stress is not directly 
proportional to moment, such as in sloped, stepped, or tapered 
slabs, or where tension reinforcement is not parallel to the 
compression face. 

!;■ "I 1.7.3.6 

ji ji ^Lol) CjUa^t4j ^ jA La£ ^ ja^U,a 


7.7.3.7 In slabs with spans not exceeding 3 m, welded wire 
reinforcement, with wire size not exceeding W5 or D5, shall be 
permitted to be curved from a point near the top of slab over the 
support to a point near the bottom of slab at midspan, provided 
such reinforcement is continuous over, or developed at, the 
support. 

JJiLaiVlj jiAoulL Ijla 3 JjLhj V jjaJi CjlJ CjUaiUl 1 . 1 . 3.1 

4Jalj *• D5 j'l ^A5 <4Liadl V 

^ ^^14) JImjI fjA ujilL Aialj dj^^l ijM uj^L 


COMMENTARY 
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7.7.3.8 Termination of reinforcement 

7.7.3.8.1 At simple supports, at least one-third of the maximum 
positive moment reinforcement shall extend along the slab 
bottom into the support, except for precast slabs where such 
reinforcement shall extend at least to the center of the bearing 
length. 

7.7.3.8 

JiVI (jlft Jlaj (j'l 4*^ JjlSjh ^ 7.7.3.8.1 

^ ■ "I; Jiui Jjla 

. Jjla jA u^l J^Sh ^uluull IJA ILu 

7.7.3.8.2 At other supports, at least one-fourth of the maximum 
positive moment reinforcement shall extend along the slab 
bottom into the support at least 150 mm. 

jtAjj jjj JaVl (jlft Jl«j (ji 7.7.3.8.2 

.(« 150 J 2 VI (jlft ^J‘\ 

7.7.3.5.3 At simple supports and points of inflection, db for 
positive moment tension reinforcement shall be limited such that 
frffor that reinforcement satisfes (a) or (b). If reinforcement 
terminates beyond the centerline of supports by a standard hook 
or a mechanical anchorage at least equivalent to a standard hook, 
(a) or (b) need not be satisfed. 

(a) td< (1.3Mn/y« + to) if end of reinforcement is confned by a 
compressive reaction 

(b) (d< {MnIVu + (a) if end of reinforcement is not confned by a 
compressive reaction Mn is calculated assuming all 
reinforcement at the section is stressed to fy and Vu is calculated 
at the section. At a support, (a is the embedment length beyond 
the center of the support. At a point of inflection, ta is the 
embedment length beyond the point of inflection, limited to the 
greater of d and \2db. 

j»jft jtAJj dh 7.7.3.8.3 

U' id 

ji La 

ji ^ JiVl JjLu 

J«i Jj ^d< (l.3Mn/Vu + fa) (!) 

JilS Jj AJaudIjj ^L^ clijlS ^'■i\{d<{Mn/VL,+ {a) (4“) 

fiijfy jk ^ jjSb ^ 

iak Jaj La ^1] Jjlall ^ .^JaLall ^ 

if IjalVl Alalj La j^^.4kAll Jjlall if IjalVl Alalj .Ia& j£ja1| 

AldhJ d (> 

7.7.3.8.4 At least one-third of the negative moment 
reinforcement at a support shall have an embedment length 
beyond the point of inflection at least the greatest of d, 12db, and 
tn/16. 


COMMENTARY 


R7.7.3.8 Termination of reinforcement —Requirements for 
termination of reinforcement in one-way slabs are similar to 
those for beams. Refer to R9.7.3.8 for additional information. 

iliUa5L ^ fl^l 4.a.i^ . ^1^! 8-3-7-7 

^Uial ejLajk.a R9.7.3.8 .^.laCVL i^Uj 
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jjjAji Jjia <lilj (jjSu <>-^ i-A-f-V-V 

.{n/ie j Udh J c/ u- ‘JaVl ^ J»j U 


7.7.4 Flexural reinforcement in prestressed slabs 
7.7.4.1 External tendons shall be attached to the member in a 
manner that maintains the specifed eccentricity between the 
tendons and the concrete centroid through the full range of 
anticipated member deflections. 


^ ^ 7.7.4 

AjjSj.abUl ijiC' Jajj 7.7.4.1 

(jji jSjaIIj (jM 

_ j.^UxU 


7.7.4.2 If nonprestressed reinforcement is required to satisfy 
flexural strength, the detailing requirements of 7.7.3 shall be 
satisfed. 

^jLLa f-laj*..iV ^uluu 7.7.4.2 

.7.7.3 -1 ejUUaldl f-laj'-"! 

7.7.4.3 Termination of prestressed reinforcement 

7.7.4.3.1 Post-tensioned anchorage zones shall be designed and 
detailed in accordance with 25.9. 


7.7.4.3 

.25.9 J ISaj iill jIaLi.a j 7.7.4.3.1 

7.7.4.3.2 Post-tensioning anchorages and couplers shall be 
designed and detailed in accordance with 25.8. 

.25.8 4 .j A, 7.7.4.3.2 


7.7.4.4 Termination of deformed reinforcement in slabs with 
unbonded tendons 

7.7.4.4.1 Length of deformed reinforcement required by 
7.6.2.3 shall be in accordance with (a) and (b): 

(a) At least tnl2i in positive moment areas and be centered in 
those areas 

(b) At least tnl6 on each side of the face of support 

4ja^j.a ^ CjUa5t^l ^ ^uluull 7.7.4.4 

(i) J ISSj UJ% u"' 4*^ 7.6.2.3 'tjUajj Jjla 7.7.4.4.1 

jjJaLLdl lilL ^ (jJaLla ^ ^„/3 JsSll (jlft (i) 

JS ^„/6 JaSll (v) 


COMMENTARY 


R7.7.4 Flexural reinforcement in prestressed slabs 
R7.7.4.4 Termination of deformed reinforcement in slabs 
with unbonded tendons —Requirements for termination of 
deformed reinforcement in one-way slabs with unbonded 
tendons are the same as those for beams. Refer to R9.7.4.4 for 
additional information. 


Jl^VI CjUaiUl (lUaJVl jul-ull R7.7.4 

CjUa5b ^ £jj\-v 4-4-7~7 

jljji dilj CjUa5tj -'I cjUUala 

R9.7.4.4 u^\ ^^ JJ.a.a 

.A^Uial 
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7.7.5 Shear reinforcement 

7.7.5.1 If shear reinforcement is required, transverse 
reinforcement shall be detailed according to 9.7.6.2. 


juU 7.7.5 

^ Ul 7.7.5.1 

.9.7.6.2 -1 

7.7.6 Shrinkage and temperature reinforcement 

7.7.6.1 Shrinkage and temperature reinforcement in accordance 
with 7.6.4 shall be placed perpendicular to flexural 
reinforcement. 


djl7.7.6 

jijjaC’ Jluu 7.6.4 -1 i_^ 7.7.6.1 

ijiC' 

7.7.6.2 Nonprestressed reinforcement 

7.7.6.2.1 Spacing of deformed shrinkage and temperature 
reinforcement shall not exceed the lesser of 5h and 450 mm. 

j^l 7.7.6.2 

tjft 5jljaJlj (jiL«Sj5U Vi 7.7.6.2.1 

. 450 j 5h 

7.7.6.3 Prestressed reinforcement 

7.7.6.3.1 Spacing of slab tendons required by 7.6.4.2 and the 
distance between face of beam or wall to the nearest slab tendon 
shall not exceed 1.8 m. 

juLjij 7.7.6.3 

jl ^LuiaI) 7.7.6.3.1 

.J^ 1.8 Cp 4'^ ^51.^ Aui Jjl£ ujSi 

7.7.6.3.2 If spacing of slab tendons exceeds 1.4 m, additional 
deformed shrinkage and temperature reinforcement 
conforming to 24.4.3 shall be provided parallel to the tendons, 
except 24.4.3.4 need not be satisfed. In calculating the area of 
additional reinforcement, it shall be permitted to take the gross 
concrete area in Table 24.4.3.2 as the slab area between faces of 
beams. This shrinkage and temperature reinforcement shall 
extend from the slab edge for a distance not less than the slab 
tendon spacing. 

j^jj i jla 1,4 JjtaJu cli5Ll4 JcLu (jl£ |j| 7.7.6.3.2 

24.4.3 ^ djlj^ ^LoSjbU ^LJal 

^uLjull uLui^ Aic .1^ V 24.4.3.4 ka lAuill 

24.4.3.2 ^ *1. .i^-v u ^ -vi... ‘ 

^LoSjVI .1*. 

Auill iifi. Jlj V ^Lui.d ^5411 ija 


COMMENTARY 

R7.7.6 Shrinkage and temperature reinforcement 



R7.7.6.3 Prestressed reinforcement 

R7.7.6.3.2 Widely spaced tendons result in non-uniform 
compressive stresses near the slab edges. The additional 
reinforcement is to reinforce regions near the slab edge that 
may be inadequately compressed. Placement of this 
reinforcement is illustrated in Fig. R7.7.6.3.2. 


SjljaJlj JtAJ R7.7.6 

(jiuiAh R7.7.6.3 

<Ulalkuij| lajkua ^ 1 ] JcUjII dilj 1.^1 2 - 2 - 6 - 7-7 

jA ^LiaVl ^aIuuII qm ujilL 

^ ,uil£ ijjij ^5411 ^ 

.R7.7.6.3.2 .iMlI (J lj* 
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CHAPTER 8—TWO-WAY SLABS 
8.1—Scope 

8.1.1 This chapter shall apply to the design of nonprestressed and 
prestressed slabs reinforced for flexure in two directions, with or 
without beams between supports, including (a) through (d): 

(a) Solid slabs 

(b) Slabs cast on stay-in-place, noncomposite steel deck 

(c) Composite slabs of concrete elements constructed in separate 
placements but connected so that all elements resist loads as a 
unit 

(d) Two-way joist systems in accordance with 8.8 


4iUa^l - 8 

JM' 8.1 

j...(3^^^ 8.1.1 

Lftj Cj|j.a£ qjAj ji ^ ^Uj f-1 *-v 

CjUa^ 

^ ja^UxIl 

da^lj dal^jS JLa^VI jA^UxI) iLnsu 

J CiUa^Lll 


COMMENTARY 

R8—TWO-WAY SLABS 
R8.1—Scope 

The design methods given in this chapter are based on 
analysis of the results of an extensive series of tests (Burns 
and Hemakom 1977; Gamble et al. 1969; Gerber and Bums 
1971; Guralnick and LaFraugh 1963; Hatcher et al. 1965, 
1969; Hawkins 1981; Jirsa et al. 1966; PTI DC10.5; Smith 
and Burns 1974; Scordelis et al. 1959; Vanderbilt et al. 1969; 
Xanthakis and Sozen 1963) and the well-established 
performance records of various slab systems. The 
fundamental design principles are applicable to all planar 
structural systems subjected to transverse loads. Several 
specifc design rules, as well as historical precedents, limit the 
types of structures to which this chapter applies. General slab 
systems that may be designed according to this chapter 
include flat slabs, flat plates, two-way slabs, and waffle slabs. 
Slabs with paneled ceilings are two-way, wide-band, beam 
systems. Slabs-on-ground that do not transmit vertical loads 
from other parts of the structure to the soil are excluded. For 
slabs with beams, the explicit design procedures of this 
chapter apply only when the beams are located at the edges of 
the panel and when the beams are supported by columns or 
other essentially nondeflecting supports at the comers of the 
panel. Two-way slabs with beams in one direction, with both 
slab and beams supported by girders in the other direction, 
may be designed under the general requirements of this 
chapter. Such designs should be based upon analysis 
compatible with the deflected position of the supporting 
beams and girders. For slabs supported on walls, the explicit 
design procedures in this chapter treat the wall as a beam of 
infnite stiffness; therefore, each wall should support the entire 
length of an edge of the panel (refer to 8.4.1.7). Walls of 
width less than a full panel length can be treated as columns. 

- R8 

Jb-di R8.1 

AAuAu ^ aHuu 

Gamble et ^Burns and Hemakom 1977) jUaill 
Guralnick and ^Gerber and Burns 1971 ^al. 1969 

i Hawkins 1981 H969 ‘Hatcher et al 1965 sLaFraugh 1963 
s Smith and Burns 1974 ^ PTI DC10.5 s Jirsa et al 1966 
j Xanthakis ^ Vanderbilt et al. 1969 ^ Scordelis et al. 1959 
(jiJiii'i t alt'kAl A4.uljll (Sozen 1963 

Ax4al^) ^jU.a 

. A “-v a'I lya JjJxll 

A Ahft _ J.AAatt I 

tAja^sL ^ iCjUa^ fjh jAdlll Lalxll 

SUaXdll ‘ ja..iVl tlilj CjUa^t^l (jl , CjUa^ Cj|j CjUa^j 

V AUaIaaiI ^ ,quXaaiIj 

^ jLa^Sfi Jijj 

JaiS 1 .^ tlalJ 

d±4&Vl CiJ^ Laallfrj AJa^Lll L 4 . 1 I& 

, ^ A^LbuVI jjlSjll ji dAA&Sflj 
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8.2—General 

8.2.1 A slab system shall be permitted to be designed by any 
procedure satisfying equilibrium and geometric compatibility, 
provided that design strength at every section is at least equal to 
required strength, and all serviceability requirements are satisfed. 
The direct design method of 8.10 or the equivalent frame method 
of 8.11 is permitted for design where applicable. 


,aU8.2 

.pLuaj^Vl •lIC' jUaVl 4^jjia jl 8.10 


8.2.2 The effects of concentrated loads and openings shall be 
considered in design. 


jidl JLa^Sh CliljU^VI 8.2.2 


8.2.3 Slabs prestressed with an average effective compressive 
stress less than 0.9 MPa shall be designed as nonprestressed 
slabs. 


JlxUl iaiuSal\ laujla ^ CjUa^t^l 8.2.3 

4.1 uh. CjUa!!U£ MPa 0.9 


COMMENTARY 

ijM j£ ^ ^ (jiajljC ^ ilib 

CjluUalAll liSj ij^Vl (jiajljxlLj 

^ ^Ijl. a4A (ji |4^ ^Ixll 

CjUa^LAl itun.UL 4.A&l4lj 

jl4^l J.alxj IJA ^ 4.ajji.all clibli(jlj4^l 

^^Lll Jjia J.al£ jl.4^ 4*^ iiiUjl iif-l ■ "y'I jjM 

4jai411 Jjla cf (J^o'J'^ t“ CA^ .(8.4.1.7 5^'j) 

R8.2—General 

R8.2.1 This section permits a design to be based directly on 
fundamental principles of structural mechanics, provided it 
can be demonstrated explicitly that all strength and 
serviceability criteria are satisfed. The design of the slab may 
be achieved through the combined use of classic solutions 
based on a linearly elastic continuum, numerical solutions 
based on discrete elements, or yield-line analyses, including, 
in all cases, evaluation of the stress conditions around the 
supports in relation to shear and torsion as well as flexure. 
The design of a slab system involves more than its analysis; 
any deviations in physical dimensions of the slab from 
common practice should be justifed on the basis of 
knowledge of the expected loads and the reliability of the 
calculated stresses and deformations of the structure. For 
gravity load analysis of two-way slab systems, two analysis 
methods are given in 8.10 and 8.11. The specifc provisions of 
both design methods are limited in application to orthogonal 
frames subject to gravity loads only. Both methods apply to 
two-way slabs with beams as well as to flat slabs and flat 
plates. In both methods, the distribution of moments to the 
critical sections of the slab reflects the effects of reduced 
stiffness of elements due to cracking and support geometry. 

,aU R8.2 

4^411 LuiVl ^4 Lja\I |4A ^n* nj R8,2.1 

djUj u' iaj4u I 4^U1 jV1 14j*KjaU 

-I i-v*. ..yi qm 4Ja!:t^l .Slijiuu 

^4.^ '4 jt-4 ^jlC' 4 4j<j. .iSK\t Jj\-vU liljluLall 

^ iiillj ^ Lu ji .4 ',^5;.. j4.dl.jc XaliiLi 

liljjSj ituul'lj jjl£jj| uijjla -jja' 

JijA 14 M.y'. ^ j^t 4Ja^t^j *^4.44*. jAijajj , 

AxiLwilj 4.44jjLaAj| jC ^jLall JbuVl ^ CjlAlj^l 

\t CitAj4^j 4^.j. ...y 4^1 4^^j.aj 4AAjlAj| JLa^Vl 

^ ^ lal&jVI ejUa^l^l 4 414^9 

jlaVl yjc ^aAi.djj| jjjAjjla j.a Jil 944^.41 Jajjaill jia'A' .S.llj 8.10 
iliUa^Uj Ijai.i.yi j£ ^jic, (jJajj .JalS ^41^11 JLa^V 94abilaj| 

im ^ diUa^ ^ ililjiaijl ^ 

54Lcj yjj SJaiLU ^LjiaVl (^4jj I jjjAjjkll 

j4.dl.jxjl ^jsLd jdlixjl ^ 
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8.2.4 A drop panel in a nonprestressed slab, where used to reduce 
the minimum required thickness in accordance with 8.3.1.1 or 
the quantity of deformed negative moment reinforcement at a 
support in accordance with 8.5.2.2, shall satisfy (a) and (b): 

(a) The drop panel shall project below the slab at least one-fourth 
of the adjacent slab thickness. 

(b) The drop panel shall extend in each direction from the 
centerline of support a distance not less than one-sixth the span 
length measured from center-to-center of supports in that 
direction. 


Jjkll diUa^iUll ^ AialuiAll i_^ 8.2.4 

ji 8.3.1.1 4 (j^ 

j ‘8.5.2.2 -1 ^uluiUl 

Ala^LlI 4ja!!Ull Jiui ^lia.....'I Lluu (ji (ij 

.JaVl ^Jk. 5 

V ^LulaI (jA (3£ ^ AJaI^aaII AjajLl) JIaj (ji 

(^ JaII j£J aII (jA (JaI^aI) (Jl^ (JaAaA (j& (j^ 


8.2.5 A shear cap, where used to increase the critical section for 
shear at a slab-column joint, shall project below the slab sofft 
and extend horizontally from the face of the column a distance at 
least equal to the thickness of the projection below the slab sofft. 

^ jJaiAll SJbjl ^.^k'uAj i(j^All ^Ij jAiajj (ji 8.2.5 

J^jAxll (jA l^i JIajj AjAdjSh ^jlj (jiui lalluii i_^ lAjajlj- JjaC (jA^lA 
.A^^jSh ^54^ JalluVI ^Lau JsSh Jjlxj ^Laaj 

8.2.6 Materials 

8.2.6.1 Design properties for concrete shall be selected to be in 
accordance with Chapter 19. 


JIjaII 8.2.6 

,19 (j^'i jLa^I 8.2.6.1 


COMMENTARY 


R8.2.4 and R8.2.5 Drop panel dimensions specifed in 8.2.4 
are necessary when reducing the amount of negative moment 
reinforcement following 8.5.2.2 or to satisfy minimum slab 
thicknesses permitted in 8.3.1.1. If the dimensions are less 
than specifed in 8.2.4, the projection may be used as a shear 
cap to increase the shear strength of the slab. For slabs with 
changes in thickness, it is necessary to check the shear 
strength at several sections (Refer to 22.6.4.1(b)). 

8.2.4 AlaiAAAll CjUajLlI Jl*ji R8.2.5 J R8.2.4 

A^j AaaI^ ji 8.5.2.2 Axj AaaLaII ^aLaj jIjIa (J41j 

^ (jA (Jfii JUjVI CajIS IJI .8.3.1.1 ^ ^^^.OAAaI) iilAA^ 

AjauIL .AjajUU (j^^l AAljjl (j^ LlluiVI (j&Aj ‘8.2.4 

^ (j^Hl dji (jA (jA ‘^LaaaII ^ CjIA CjUajLU 

.((b) 22.6.4.1 i?.U) »Ae 
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8.2.6.2 Design properties for steel reinforcement shall be selected 
to be in accordance with Chapter 20. 


^ ^ 8.2.6.2 

.20 

8.2.6.3 Materials, design, and detailing requirements for 
embedments in concrete shall be in accordance with 20.7. 


^ ^ A cjUliald (ji 8.2.6.3 

.20.7 -1 tSaj 


8.2.7 Connections to other members 

8.2.7.1 Beam-column and slab-column joints shall satisfy 

Chapter 15. 


j.<^LjxAl cjiLfljll 8.2.7 

,15 -1 (ji 8.2.7.1 


COMMENTARY 


R8.2.7 Connections to other members —Safety of a slab 
system requires consideration of the transmission of load 
from the slab to the columns by flexure, torsion, and shear. 

LiiUatij SJailj ija 4..a5Ljill JljSi ^ ^R8.2.7 

1 aXaCVI u^\ ija Jij 
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8.3—Design limits 

8.3.1 Minimum slab thickness 

8.3.1.1 For nonprestressed slabs without interior beams 
spanning between supports on all sides, having a maximum ratio 
of long-to-short span of 2, overall slab thickness h shall not be 
less than the limits in Table 8.3.1.1, and shall be at least the value 
in (a) or (b), unless the calculated deflection limits of 8.3.2 are 
satisfed; 

(a) Slabs without drop panels as given in 8.2.4.125 mm. 

(b) Slabs with drop panels as given in 8.2.4.100 mm. 


igiita n*ll - 8.3 
^5411 Jai 8.3.1 

^ Jloj CjIjaS CxS^ 8.3.1.1 

V (jl ‘2 A.,'*'*'' 

Oi^ u' ‘8.3.1.1 JjAaJl Jai yjlll AjaiUl liUui Qjij 

f-l 4*' "* ^ ^ ka ‘('^) {}) (J^ 

:8.3.2 J 

. ^ 125.8.2.4 24^3J.« J* '-»s Ajaiui.a iIiUaiL (jjJJ CjUaiL (i) 

. ^ 100.8.2.4 Ajljh 4jaLji.a CjUaiL ^ CjUaltj (ij) 


Table 8.3.1.1—Minimum thickness of nonprestressed two- 
way slabs without interior beams (mm.)[i] 


QjJj ^a.'-"-' CjUa5411 ^1-a.u Jai - 8.3.1.1 

[1 Cj|j.a£ 


COMMENTARY 

R8.3—Design limits 

R8.3.1 Minimum slab thickness —The minimum slab 
thicknesses in 8.3.1.1 and 8.3.1.2 are independent of loading 
and concrete modulus of elasticity, both of which have 
signifcant effects on deflections. These minimum thicknesses 
are not applicable to slabs with unusually heavy 
superimposed sustained loads or for concrete with modulus of 
elasticity signifcantly lower than that of ordinary normal- 
weight concrete. Deflections should be calculated for such 
situations. 


[fttttiniill - R8.3 

ejOaiUll CjlSLa.*^ AaJi u! - R8.3.1 

i AjjaH AjLuijaJlj JjAiall Jalx^ ^ 8.3.1.2 J 8.3.1.1 

UjAlj Cjl£La.uill dJA Vj La^l LaA5t^j 

CjIJ ji jUa.4 J^^ Au£lj!l.a JLft^i CjIA cliUa^ta 

CjIA Cjbdl Qm la^^^4a J^a 4 Jai ^jj.a J.alji..a 

R8.3.1.1 The minimum thicknesses in Table 8.3.1.1 are those 
that have been developed through the years. 

^ Ujjjki fLi dL ^ 8.3.1.1 (J l^All 1-1-3-8 

JA 
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Table 8.3.1.1—Minimum thickness of nonpre- 
stressed two-way slabs without interior beams 
(mm)Hi 


MPal^l 

Without drop panelsl^l 

With drop panelsPl 

Exterior panels 

Interior 

panels 

Exterior panels 

Interior 

panels 

Without 

edge 

beams 

With 

edge 

beamsfl 


Without 

edge 

beams 

With 

edge 

beams!''! 


280 

4/33 

4/36 

4/36 

{J26 

4/40 


420 

4/30 

4/33 

4/33 

4/33 

4/36 

4/36 

520 

4/28 

V31 

4/31 

4/31 

4/34 

4/34 


is the clear span in the long direction, measured face-to-face of supports (mm.). 
r 2 iFor/v between the values given in the table, minimum thickness shall be calculated 
by linear interpolation. 
r.iiDrop panels as given in 8.2.4. 

r4iSlabs with beams between columns along exterior edges. Exterior panels shall be 
considered to be without edge beams if a/is less than 0.8. The value of a/for the edge 
beam shall be calculated in accordance with 8.10.2.7. 

.(.mm) 6^ hJlA t Jjjlall ftUjVl (^Luall Jjlah jA [ 1 ] 

^ ^ jli fy [2] 

.8.2.4 jA |3] 

j^su Jjla C)^ [4] 

.8.10.2.7 ^^a/ .0.8 0^ a/ 1^) ^ 


8.3.1.2 For nonprestressed slabs with beams spanning between 
supports on all sides, overall slab thickness h shall satisfy the 
limits in Table 8.3.1.2, unless the calculated deflection limits of 

8.3.2 are satisfed. 

JIaj ^ 8.3.1.2 

.8.3.2 pUjludl ^ ^ La i 2-l-3~8 

^ dl^Vl CjUa^t^ ^LftMi Jii - 8.3.1.2 

.^loj 


COMMENTARY 


Table 8.3.1.2—Minimum thickness of nonpre¬ 
stressed two-way slabs with beams spanning 
between supports on all sides 


Oft.'" 

Minimuiii //, mm 


a*,<0.2 

8.3.1.1 applies 

(a) 

0.2<U;i„<2.0 

Greater 

of: 

<fo.8+ —1 

”( 1400J 


.36 + 5p(a^-0.2) 

125 

(c) 

«/,, > 2.0 

Greater 

of: 

/ [o.8 + -^l 

"[ I4(X)J 

(d)l=IPI 

.36 + 9P 

90 

(e) 


OlofiK is the average value of cy for all beams on edges of a panel and shall be calcu 
lated in accordance with 8.10.2.7. 


R8.3.1.2 For panels having a ratio of long-to-short span 
greater than 2, the use of expressions (b) and (d) of Table 
8.3.1.2, which give the minimum thickness as a fraction of 
the long span, may give unreasonable results. For such 
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8.3.2 Calculated deflection limits 

8.3.2.1 Immediate and time-dependent deflections shall be 
calculated in accordance with 24.2 and shall not exceed the limits 
in 24.2.2 for two-way slabs given in (a) through (c): 

(a) Nonprestressed slabs not satisfying 8.3.1 

(b) Nonprestressed slabs without interior beams spanning 
between the supports on all sides and having a ratio of long to- 
short span exceeding 2.0 

(c) Prestressed slabs 


8.3.2 

24.2 4 8.3.2.1 

■(S) (') diUaiUU 24.2.2 jljll 

3.3.1 ^tj<4aj.a ^ 

^ jjlSjil JIaj CjUa^Ull 

2.0 Jjlall Aj.uu 

^ " ■' ejUa^ 

8.3.2.2 For nonprestressed composite concrete slabs satisfying 

8.3.1.1 or 8.3.1.2, deflections occurring after the member 
becomes composite need not be calculated. Deflections occurring 
before the member becomes composite shall be investigated, 
unless the precomposite thickness also satisfes 8.3.1.1 or 8.3.1.2. 

^^u.iiiv\lj 2-2-3~8 

(ji Jxj cjUjiullI V ‘8.3.1.2 ji 8.3.1.1 

La ^ L)1 

.8.3.1.2 ji 8.3.1.1 l4aji j4l I_iJluu fd 

8.3.3 Reinforcement strain limit in nonprestressed slabs 

8.3.3.1 For nonprestressed slabs, a shall be at least 0.004. 


ejUa^sL ^ "*'1 JUljl 8.3.3 

cl^Vl UJ^ ‘tualVlL 3.3.3.1 

.0.004 

8.3.4 Stress limits in prestressed slabs 

8.3.4.1 Prestressed slabs shall be designed as Class U with ft<6 
fc2. Other stresses in prestressed slabs immedi ately after transfer 
and at service loads shall not exceed the permissible stresses in 
24.5.3 and 24.5.4. 


Jl^Sh ^ jl^VI 8.3.4 

^ D ‘ dS.4 fjiC' jL^VI CjIJ Cjlia5l4l t-i-T-A 

1 jjS Ai lu jj liliailj ^ c5jiVI Vi ft < 6 fc2 

.24.5.4 j 24.5.3 JUa.i Jiill ju 


COMMENTARY 


R8.3.2 Calculated deflection limits 

R8.3.2.1 For prestressed flat slabs continuous over two or 
more spans in each direction, the span-thickness ratio 
generally should not exceed 42 for floors and 48 for roofs; 
these limits may be increased to 48 and 52, respectively, if 
calculations verify that both short- and long-term deflection, 
camber, and vibration frequency and amplitude are not 
objectionable. Short- and long-term deflection and camber 
should be calculated and checked against serviceability 
requirements of the structure. 


Jjik R8.3.2 

jA jjIuu ejUa5L i_f£' ^ ^Lu‘^bU ‘Lujiilb R3.3.2.1 

^ 42 Aurii Vi ‘ dl^l JS ^ ji 

‘ 52 j 48 0^ ‘ ‘ 48 j ixicVI 

(3&V1 ^ ^ . .i-vtt t-.aa-v*. b| ^ 

- t-.l AL'.a ^ (JaI&aII 


R8.3.2.2 If any portion of a composite member is prestressed, 
or if the member is prestressed after the components have 
been cast, the provisions of 8.3.2.1 apply and deflections are 
to be calculated. For nonprestressed composite members, 
deflections need to be calculated and compared with the 
limiting values in Table 24.2.2, only when the thickness of 
the member or the precast part of the member is less than the 
minimum thickness given in Table 8.3.1.1. In unshored 
construction, the thickness of concern depends on whether the 
deflection before or after the attainment of effective 
composite action is being considered. 


(jis lit ji ‘ (jjAAj i.^j.a jA^ac tyt tjis lit R8.3.2.2 

8 . 3 . 2.1 ‘ 41 ^ fail 

JaA^UxU 

^24.2.2 

^ •^1 (j-4 Jfii ^ AjmJ ji 

(j\S IjI La ^ .8.3.1.1 

.JIaA ^ jiill) iSJ^ 


R8.3.3 Reinforcement strain limit in nonprestressed slabs 
R8.3.3.1 The effect of this limitation is to restrict the 
reinforcement ratio in nonprestressed slabs to mitigate brittle 
flexural behavior in case of an overload. This limitation does 
not apply to prestressed slabs. 


jI^VI (liUa^LlI ^uiuuj Jlx^l .1^ R8.3.3 

diUa!^! ^ A.iLAU .1^ jA 1^ uj^ l-3-3-8^ 

^ (JoLJali Aaift-ox 

diUalilVJl (^gic. lIlA V 
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8.4—Required strength 

8.4.1 General 

8.4.1.1 Required strength shall be calculated in accordance with 
the factored load combinations in Chapter 5. 


<u^MI oi^l - 8.4 

(.Ifi 8.4.1 

,5 ^ tjill 8.4.1.1 

8.4.1.2 Required strength shall be calculated in accordance with 
the analysis procedures given in Chapter 6. Alternatively, the 
provisions of 8.10 for the direct design method shall be permitted 
for the analysis of nonprestressed slabs and the provisions of 
8.11 for the equivalent frame method shall be permitted for the 
analysis of nonprestressed and prestressed slabs, except 8.11.6.5 
and 8.11.6.6 shall not apply to prestressed slabs. 

VJjj .6 jljll tjlll u.ujr^'i 8.4.1.2 

*j a.8.10 

^jla ijA 8.11 '^1 u'^ ‘ 

CjUa^l4l jdsVl 

.jL^VI cjUaiLll (jjJijj V 8.11.6.6 j 8.11.6.5 

8.4.1.3 For prestressed slabs, effects of reactions induced by 
prestressing shall be considered in accordance with 5.3.11. 


4.^1111 JUiV) ^ cjUa^t^ 8.4.1.3 

.5.3.11 dJUftU lifij 


COMMENTARY 


R8.4—Required strength 

R8.4.1 General 

R8.4.1.2 Use of the equivalent frame method of analysis 
(refer to 8.11) or numerical analysis procedures is required 
for determination of both service and factored moments and 
shears for prestressed slab systems. The equivalent frame 
method of analysis has been shown by tests of large structural 
models to satisfactorily predict factored moments and shears 
in prestressed slab systems (Smith and Burns 1974; Burns 
and Hemakom 1977; Hawkins 1981; PTI DC 10.5; Gerber and 
Burns 1971; Scordelis et al. 1959). The referenced research 
also shows that analysis using prismatic sections or other 
approximations of stiffness may provide erroneous and 
unsafe results. Section 8.11.6.5 is excluded from application 
to prestressed slab systems. Moment redistribution for 
prestressed slabs, however, is permitted in accordance with 
6.6.5. Section 8.11.6.6 does not apply to prestressed slab 
systems because the distribution of moments between column 
strips and middle strips required by 8.11.6.6 is based on tests 
for nonprestressed concrete slabs. Simplifed methods of 
analysis using average coeffcients do not apply to prestressed 
concrete slab systems. PTI DC10.5 provides guidance for 
prestressed concrete slab systems. 


<u^MI 0^1 - R8.4 


R8.4.1 

R8.4.1.2 

jja J&i jyt JAiiil) ji (8.11 

JAa4 AAijia ^ ^ 

^LAjVI CjIjUjAI ^ jdsVl 

^ ^ 44jjXAlj ‘"'t .>^j-vaU CjVt^ 

sBurns and Hemakom 1977 ^Smith and Burns 1974) 
^Gerber and Burns 1971 sPTI DC10.5 ^Hawkins 1981 


JAajll (ji lAaj'l AJj jLAlAI AiaJl jtAajj .(Scordclis et al. 1959 

^ 8.11.6.5 .AAal AjlalA 

iIiUa^stA ^Jxll iiiUj diUa^lAl 

Je- 8.11.6.6 V .6.6.5 4 

lailjAIlj .^^^.4x1) JailjA (jM CjUa^tAj 

CjUa^ 8.11.6.6 AJxmjIaI) 

V Cj^LalxAll CjUxujjxa AjaLi^l JAxAl ^jla 

PTI DC10.5 jijj 4^' CjUaiUll Udali ^Jk■ 

.JL^VI ^Lui diUa^sb A_aiuSl diblAjI 





161 


CODE 


8.4.1.4 For a slab system supported by columns or walls, 
dimensions ci, C2, and tn shall be based on an effective support 
area. The effective support area is the intersection of the bottom 
surface of the slab, or drop panel or shear cap if present, with the 
largest right circular cone, right pyramid, or tapered wedge 
whose surfaces are located within the column and the capital or 
bracket and are oriented no greater than 45 degrees to the axis of 
the column. 

A«jaj (ji ji ijiC’ 8. 4.1.4 

^ j q 2 J cl 

ji Aia^Ull ji "'I 

8.4.1.5 A column strip is a design strip with a width on each side 
of a column centerline equal to the lesser of 0.25^2 and 0.25^1. A 
column strip shall include beams within the strip, if present. 


tj-A JS ^jlajxj A.jjua^ ^ 8.4.1.5 

.0. 25^1 j 0.25^2 Cy> Jii 


8.4.1.6 A middle strip is a design strip bounded by two column 
strips. 


.ddA&Vl (>4 A.AjUA^ jX a 8.4.1.6 

8.4.1.7 A panel is bounded by column, beam, or wall centerlines 
on all sides. 


(j.a ji 9j.4iU ji 9.1.>cbU Cj£j.a lajlak 4j3.uiljj CjUa5t4l 8.4.1.7 

8.4.1.8 For monolithic or fully composite construction 
supporting two-way slabs, a beam includes that portion of slab, 
on each side of the beam extending a distance equal to the 
projection of the beam above or below the slab, whichever is 
greater, but not greater than four times the slab thickness. 

i 2 jUa 5 tj ji 8 . 4 . 1.8 

Juju dj.alll Qa ^ 

Ajijji 2 jjj V Jiujj ji dj.aSll ial^A^V 

,4ja541l LjlxJai 


COMMENTARY 


hb^Ah, 


h b„ + 2 h^^b„+ 8 h, 



"f-j * ”_ 



1 

TT^t 

hb 

' 1 ' 

1 

/ t 

hb 

y i 

tow 





Fig. R 8.4.1.8—Examples of the porlion of slab to be included 
with the beam under 8.4.1.8. 


R8.4.1.7 A panel includes all flexural elements between 
column centerlines. Thus, the column strip includes the beam, 
if any. 


jSl jA Jajiftk ^UajSh ^a^ SJaihll R8.4.1.7 

A^jjhi ,d.l.a&Vl 

R8.4.1.8 For monolithic or fully composite construction, the 
beams include portions of the slab as flanges. Two examples 
of the rule are provided in Fig. R8.4.1.8. 

C>4 4j.al£flj <.^>4 ji A ...U-vIa R8.4.1.8 

^ ijlc. iji\AA Jjjj uaH ^ ^Ll^Sh (- 4 ^ ^5411 

.R.8.4.1.8 
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8.4.1.9 Combining the results of a gravity load analysis with the 
results of a lateral load analysis shall be permitted. 


A tj A-v \1 ^ 8.4.1.9 


8.4.2 Factored moment 

8.4.2.1 For slabs built integrally with supports, Mu at the support 
shall be permitted to be calculated at the face of support, except 
if analyzed in accordance with 8.4.2.2. 


j*.^ j»jft 8.4.2 

^ AjjSaI) CjUa^t^ 8.4.2.1 

.8.4.2.2 lAiilaj ^ VI ‘5 jjSjll ^ 5 jll ^ 

8.4.2.2 For slabs analyzed using the direct design method or the 
equivalent frame method. Mu at the support shall be located in 
accordance with 8.10 or 8.11, respectively. 

ji JiJuUaII ^ ^^1 CjUaVt^ 8.4.2.2 

8.11 ji 8.10 4 lisj SjjSjll iic Mu jUaVI 

8.4.2.3 Factored slab moment resisted by the column 

8.4.2.3.1 If gravity load, wind, earthquake, or other effects 
cause a transfer of moment between the slab and column, 
a fraction of Msc, the factored slab moment resisted by the 
column at a joint, shall be transferred by flexure in 
accordance with 8.4.2.3.2 through 8.4.2.3.5. 

Jj.>xll AJsiuIjj ^jli.41 .l«,<^a'l AJa^t4l 8 . 4.2.3 

tsjii ijjlj^lj ji JJVjJl ji ^Ijjll ji <^ijll 0*4 iJl 1-3-2-4-8 

4jait4l jijft (jla i Msc iSAaftVIj 4jaiUll qm Jli fji 

^Ll^VI AJsiuIjj ^ i AJsiuIjj ^jLLdl 

.8.4!2.3.5 8.4.2.3.2 4 Hij 

8.4.2.3.2 The fraction of factored slab moment resisted by the 
column, jfMsc, shall be assumed to be transferred by flexure, 
where y/shall be calculated by: 

AiaVLlI ijA JLi ^ ^1 (jdjlL 8.4.2.3.2 
1 ^ ..i-v yj (pU^JVI ^y/Msc ^^.>.4X11 


COMMENTARY 


R8.4.2 Factored moment 


f»> R8.4.2 


R8.4.2.3 Factored slab moment resisted by the column 
R8.4.2.3.1 This section is concerned primarily with slab 
systems without beams. 


J^^.axll ^jli.all 4jaV^I R8.4.2.3 
.dll jaI ijjA ejUaVI.41 JjVI ^1^.41 ^ ^.uiill IJA j.3-2-4-8 
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8.4.2.3.3 The effective slab width bsiat for resisting y/Msc shall be 
the width of column or capital plus \.5h of slab or drop panel on 
either side of column or capital. 


(jijft y/Msc o' 8.4.2.3.3 

ji ^ \.5h u^\ ji 


8.4.2.3.4 For nonprestressed slabs, where the limitations on Vug 
and a in Table 8.4.2.3.4 are satisfed, y/shall be permitted to be 
increased to the maximum modifed values provided in Table 
8.4.2.3.4, where Vc is calculated in accordance with 22.6.5, and 
Vug is the factored shear stress on the slab critical section for two- 
way action due to gravity loads without moment transfer. 

^ cjUa^t^ 8.4.2.3.4 

sJbjj Jf i 4-3-2-4-8 Et J Vug 

Vug ‘ 22.6.5 4 lisj Vc i 8.4.2.3.4 

^ ijiC' -^ 1 ^! Cfi 

Jlj fjji jll t.ijUJij 


Table 8.4.2.3.4—Maximum modifed values of yrfor 
nonprestressed two-way slabs 

(jA Jf J ^jxaII ^ - 8.4.2.3.4 


COMMENTARY 


R8.4.2.3.3 Tests and experience have shown that, unless 
measures are taken to resist the torsional and shear stresses, 
all reinforcement resisting that part of the moment to be 
transferred to the column by flexure should be placed 
between lines that are one and one-half the slab or drop panel 
thickness, 1.5h, on each side of the column. 

^ La i(jl i R8.4.2.3.3 VJ^4ll Cl J^i 
(jl ijA ^ Ija A^j\^ ^uluu (jc 
j j fjk JajJai QM ij\ ^UajVl Jjjaxll 

,J^^.axll ijA j£ ijlC' 1,5 4aji.uill ji ^La^ ‘ a,^; 

R8.4.2.3.4 Tests indicate that some flexibility in distribution 
of Msc transferred by shear and flexure at both exterior and 
interior columns is possible. Interior, exterior, and corner 
columns refer to slab-column connections for which the 
critical perimeter for rectangular columns has four, three, or 
two sides, respectively. At exterior columns, for Msc resisted 
about an axis parallel to the edge, the portion of moment 
transferred by eccentricity of shear jvMsc may be reduced, 
provided that the factored shear at the column (excluding the 
shear produced by moment transfer) does not exceed 75 
percent of the shear strength <|)Vc as defned in 22.6.5.1 for 
edge columns, or 50 percent for comer columns. Tests 
(Moehle 1988; ACI 352. IR) indicate that there is no 
signifcant interaction between shear and Msc at the exterior 
column in such cases. Note that as jvMsc is decreased, jfMsc is 
increased. Evaluation of tests of interior columns indicates 
that some flexibility in distributing Msc transferred by shear 
and flexure is possible, but with more severe limitations than 
for exterior columns. For interior columns, Msc transferred by 
flexure is permitted to be increased up to 25 percent, provided 
that the factored shear (excluding the shear caused by the 
moment transfer) at the interior columns does not exceed 40 
percent of the shear strength ())Vc as defned in 22.6.5.1. If the 
factored shear for a slab-column connection is large, the slab- 
column joint cannot always develop all of the reinforcement 
provided in the effective width. The modifcations for interior 
slab-column connections in this provision are permitted only 
where the reinforcement required to develop jfMsc within the 
effective width has a net tensile strain tit not less than 0.010. 
The use of Eq. (8.4.2.3.2) without the modifcation permitted 
in this provision will generally indicate overstress conditions 
on the joint. This provision is intended to improve ductile 
behavior of the slab-column joint. If reversal of moments 
occurs at opposite faces of an interior column, both top and 
bottom reinforcement should be concentrated within the 
effective width. A ratio of top-tobottom reinforcement of 
approximately 2 has been observed to be appropriate 
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Table 8.4.2.3.4—Maximum modified values of for 
nonprestressed two-way slabs 


Column 

location 

Span 

direction 

^'ug 

Er 

(within 

Maximum modified jf 

Comer 

column 

Either 

direction 

<0.5(t)Vc 

>0.004 

1.0 

Edge 

column 

Peipen- 
dicular to 
the edge 

<0.75i|)V^ 

>0.004 

1.0 

Parallel to 
the edge 

<0.4(|)Vc 

>0.010 


Interior 

column 

Either 

direction 

<0.4<|)Ve 

>0.010 

1.25 

. ^<1.0 
'M 


8.4.2.3.5 Concentration of reinforcement over the column by 
closer spacing or additional reinforcement shall be used to resist 
moment on the effective slab width defned in 8.4.2.3.2 and 
8.4.2.3.3. 

CjlitulAl) UUjlj 8.4.2.3.5 

^ -'I Jlxill (j^ajull UUdI ^uluu ji CjH 

.8.4.2.3.3 j 8.4.2.3.2 J 

8.4.2.3.6 The fraction of Msc not calculated to be resisted by 
flexure shall be assumed to be resisted by eccentricity of shear in 

accordance with 8.4.4.2. 
(iLlxjVl ^ ^ Msc (> f'ji- 6' 8.4.2.3.6 

.8.4.4.2 4 

8.4.3 Factored one-way shear 

8.4.3.1 For slabs built integrally with supports, Vu at the support 
shall be permitted to be calculated at the face of support. 

^ 8.4.3 

Vu uIaaxj ^ JaISIa ^U4t\lj 8.4.3.1 

jll ijC: jll ^ 

8.4.3.2 Sections between the face of support and a critical section 
located d from the face of support for nonprestressed slabs and 
hl2 from the face of support for prestressed slabs shall be 
permitted to be designed for Vu at that critical section if (a) 
through (c) are satisfed; 

(a) Support reaction, in direction of applied shear, introduces 
compression into the end regions of the slab. 

(b) Loads are applied at or near the top surface of the slab. 

(c) No concentrated load occurs between the face of support and 
critical section. 

iJa JjaJl jiaiillj SjjSjll (jJJ jJaliAll tjjSj (ji 8.4.3.2 

0^ hl2 3 AIjaaa (jA (} ^LaI 

fe) (i) 

,4.1a ji 4Ja^l^ JLa^VI (3^^^ ^ (v) 

dj^jll jA Ark'll V 


COMMENTARY 


Msc JbiiujVl (Jaxj Ji iLljL^Vl R8.4.2.3.4 

,(J^AA JjViaH 

d±a&VI iLlJ d.lA&Vl 

ji ji AjujIj 4jJalwiAll d±a&bU 

IVISC 0^ dAo&Vl 

^jia ^ 4Ai£l.^lI j,.^^ 

jjAxll ^ Vi t shy MvMsc 

(|)yC Ajjlall 4 .j.4a 1| 75 ( c3^ ^UaLuiIj^ 

,oS J\ Sia&V Z50 ji ‘ ciljaJ! Sia&V 22.6.5.1 iJ ^ ^ 
JcUj (ACI 352.1R ^Moehle 1988) 

4ji j^V ^ J.JA9lJ) ^ jjlya^Lallj 

djA&Vl .yfMsc ^ ^ yvIMsc 1 

4JaA.ui^ Msc ^ JIaII) C>^ u'^ ij^\ 

4AjA^IjJ| d±a&bU ,A^jlU| d.lA&VI ^ j^i ^ 4^jSAA jaI 

44.1ftll ^ 25 dJbj 4JaA.u|jj jjlwi^La ^lauu 

4.a^UI 1 fl^lAlj) ^Laa^I 

cijjXA jA IaS (pvc 4.1ftl) ^ 40 V dAo&VI 

ujaa^aI) .^9Li.^a 1) (jl£ iJl .22.6.5.1 

V jUi U-i% 4Ja^ — ^yo£' J^a^U qIaj V 

^ j^^A& 4 .a^L^| 

^^Lud 4j Jldiill (j^jad) (jA.ua yfMsC u^^lia.All ^uiyiull La.lIC' 

(jj£j (j\ (^J ^>'f') .JJlstAll ^liiUrkTuAl .0.010 c3^ 

^ JS.4AJ ja4a^ ^£^1 ^ Aj ^^^a.4aa1| 

^UJ) (jjAA^ ^1A\ IIa .J-ua^Aill dji 

j^^A& (j^ ALlila (j.ul^l di.1^ 1 j1 Jja& 

.Jlxil) J^b JS J:^j2 4j_^A^b 

A^Ua (jjij 2 (jA Aa.4aj 
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8.4.4 Factored two-way shear 

8.4.4.1 Critical section 

8.4.4.1.1 Slabs shall be evaluated for two-way shear in the 
vicinity of columns, concentrated loads, and reaction areas at 
critical sections in accordance with 22.6.4. 


^ 8.4.4 

jjaJl jJaLdI 8.4.4.1 

^ ^ ^ cjU9!!t4l i_^ 8.4.4.1.1 

.22.6.4 -1^^ J&Ul Jj (jhluj 3j£j.dl 

8.4.4.1.2 Slabs reinforced with stirrups or headed shear stud 
reinforcement shall be evaluated for two-way shear at critical 
sections in accordance with 22.6.4.2. 


chU ji cljUlSlI ^ cjUa^Ull 8.4.4.1.2 

.22.6.4.2 -1 jJalLdl ^ ^ (J^aU 


8.4.4.1.3 Slabs reinforced with shearheads shall be evaluated for 
two-way shear at critical sections in accordance with 22.6.9.8. 


yi tj.aAil shearheads ^ iiiUaitJl 8.4.4.1.3 

.22.6.9.8 4 

8.4.4.2 Factored two-way shear stress due to shear and factored 
slab moment resisted by the column 


8.4.4.2 


8.4.4.2.1 For two-way shear with factored slab moment resisted 
by the column, factored shear stress v« shall be calculated at 
critical sections in accordance with 8.4.4.1. Factored shear stress 
Vii corresponds to a combination of Vug and the shear stress 
produced by jvMsc, where jv is given in 8.4.4.2.2 and Msc is given 
in8.4.2.3.1. 


jA 4u.uiI11j 8.4.4.2.1 

.8.4.4.1 4 tA^ ^lA.dl aIc (J^aII uLuiA ^ 

JvMsc 1^41 (J^aII j yug iy> A£j.a^ yj, 

.8.4.2.3.1 Msc j 8.4.4.2.2 jv i 


COMMENTARY 


R8.4.4 Factored two-way shear —The calculated shear 
stresses in the slab around the column are required to 
conform to the requirements of 22.6. 


^ (j^aII ^ o^aII R8.4.4 

.22.6 CjUUaxa ^ 


R8.4.4.2 Factored two-way shear stress due to shear and 
factored slab moment resisted by the column 




AiLt.^1 R8.4.4.2 

^jIAaII 




166 


CODE 


8AA.2.2 The fraction of Msc transferred by eccentricity of shear, 
jvMsc, shall be applied at the centroid of the critical section in 
accordance with 8.4.4.1, where; 


yvMsC ‘(J-aiU AljiLdl Msc (> 8.4.4.2.2 

i 8.4.4.1 4 liSj CjSj.4ll aLHII .lie i 

Y.,= l-y^ {8.4.4.2.2) 


COMMENTARY 

R8.4.4.2.2 Hanson and Hanson (1968) found that where 
moment is transferred between a column and a slab, 60 
percent of the moment should be considered transferred by 
flexure aeross the perimeter of the eritical seetion defned in 
22.6.4.1, and 40 percent by eccentricity of the shear about the 
centroid of the critical section. For rectangular columns, the 
portion of the moment transferred by flexure inereases as the 
width of the face of the critical section resisting the moment 
increases, as given by Eq. (8.4.2.3.2). Most of the data in 
Hanson and Hanson (1968) were obtained from tests of 
square columns. Limited information is available for round 
columns; however, these can be approximated as square 
columns according to 8.10.1.3. 

(jii JUjj Ujjft (1968) R8.4.4.2.2 

(jA Z60 ‘‘‘ 

(jA AjaaHI 40 J ^ 22.6.4.1 

Cjbbjj Jlj (JA ( J^aaII a UIaI. .1 A 

.(8.4.2.3.2) 

dll jIaa^I (JA (1968) q^aaiIA diLil^l jdaXA ijiC’ fA 

(jSaJ ilAlj ^&JJ..CuAAill A^Ha dlLa^^llLA .^JA SAa&I 

.8.10.1.3 4 SaapIs dAA 





CODE 

COMMENTARY 

8.4.4.2.3 The factored shear stress resulting from y>>Msc shall 
be assumed to vary linearly about the centroid of the critical 
section in accordance with 8.4.4.1 . 

R8.4.4.2.3 The stress distribution is assumed as illustrated in 
Fig. R8.4.4.2.3 for an interior or exterior column. The 
perimeter of the critical section, ABCD, is determined in 
accordance with 22.6.4.1. The factored shear stress Vug and 
factored slab moment resisted by the column Msc are 
determined at the centroidal axis c-c of the critical section. 

yvMsC Cf' 8.4.4.2.3 

.8.4.4.1 

The maximum factored shear stress may be calculated from: 

V -V 

^u.AB j 

c 

or 

V rn = V 

«.C/) uy J 

c 

where yv is given by Eq. (8.4.4.2.2). For an interior column, 

Jc may be calculated by: 

Jc = property of assumed critical section analogous to polar 
moment of inertia 

d(c,+df (c,+d)(/^ d(c 2 +d)(c,+e/)^ 

~ 6 ' 6 ' 2 

jjmI R.8.4.4.2.3 3 

J lisj i ABCD ^ ji 

Vug ^ .22.6.4.1 

(jLu .JjaJl c-c Msc 

fjdai 

^u.AB '^ug J 

ji 

j; 

^u,CD ^ug w 

c 

, (8.4.4.2.2) yv 

; 0 *« Jc 

= Jc 

d{c^+d^ [c,+d)d^ d {c^ + d){c^ + d)' 

“ 6 ' 6 ' 2 
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Similar equations may be developed for Jc for columns 
located at the edge or corner of a slab. The fraction of Msc 
not transferred by eccentricity of the shear should be 
transferred by flexure in accordance with 8.4.2.3. A 
conservative method assigns the fraction transferred by 
flexure over an effective slab width defned in 8.4.2.3.3. 
Often, column strip reinforcement is concentrated near the 
column to accommodate Msc. Available test data (Hanson 
and Hanson 1968) seem to indicate that this practice does not 
increase shear strength but may be desirable to increase the 
stiffness of the slab-column junction. Test data (Hawkins 
1981) indicate that the moment transfer strength of a 
prestressed slab-to-column connection can be calculated 
using the procedures of 8.4.2.3 and 8.4.4.2. Where shear 
reinforcement has been used, the critical section beyond the 
shear reinforcement generally has a polygonal shape (Fig. 
R8.7.6d and e). Equations for calculating shear stresses on 
such sections are given in ACI 421.1R. 

(jSj ji d.la&bU J(; J 0^^ 

jjft (Jj Aj jS jj 5U1 (jjjla Jijj V Msc (>» ?.AjailJl 

.8.4.2.3 

.8.4.2.3.3 ^ L»S Jbiill fja jxll 

Qa ujillj ^ Qa ^ 

Hanson and) jUliVI cjUU (ji jjjj Msc 

(jSJj (jAsill ijA Jjjj V (jjjklll li* (ji jja2u (Hanson 1968 

CjULu ^JaU' Qa ijjij 

^jb Abdj Qa (Jli ubji^ u^l (1981 jbl&VI 

Ale .8.4.4.2 j 8.4.2.3 j&l ^I..Wujb ^ja^ aI^I aIujj 

Aj (JA. (j^&Ij ^IaAaII (j,^% i(j^All *1 Ill 

(j^l ibbl^^i ubji^ biVAb-dl .(e j R8.7.6d (Jlu 

.ACI 421.1R J SJjIj »a* 




c 


(b) Edge column 

Fig. RS.4.4.2.3 — Assumed distribution ofshear stress. 
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8.5—Design strength 

R8.5—Design strength 

R8.5.1 General 

8.5.1 General 

^U8.5.1 

R8.5.1 

8.5.1.1 For each applicable factored load combination, 
design strength shall satisfy 4)5n > U, including (a) through 
(d). Interaction between load effects shall be considered. 

(a) ^Mn > Mu at all sections along the span in each direction 

(b) ^Mn > jfMsc within bsiat as defined in 8.4.2.3.3 

(c) (t)y«> Vu at all sections along the span in each direction 
for one-way shear 

(d) (|)v«> Vu at the critical sections defined in 8.4.4.1 for 
two-way shear 

R8.5.1.1 Refer to R9.5.1.1. 

R9.5.1.1.t^l! R8.5.1.1 

on yi jlaill (J) (jlj (i) liUj ^ Lu i (|)Sn > U 

sLjjI JS jaJl JjJa ^ jJaliall (|)Mn > Mu( ') 

8.4.2.3.3 jA bslab (JilJ) (|)Mn > yflVIsc( “) 

sLjjI JS ^ jaJl Jjla jJatLdl (|)Vll > Vu( j) 

J?'i (> 8.4.4.1 jialLdl {|)vn > VU"( J) 


8.5.1.2 ([) shall be in accordance with 21.2. 


.21.2 uJ% u' (|) 8.5.1.2 


8.5.1.3 If shearheads are provided, 22.6.9 and 8.5.1.1(a) shall 
be satisfied in the vicinity of the column. Beyond each arm 
of the shearhead, 8.5.1.1(a) through (d) shall apply. 


j 22.6.9 fu (ji ‘shearheads ^ 'jj 8.5.1.3 

‘ shearhead (> (a) 8.5.1.1 

(■*) (') 8.5.1.1 


8.5.2 Moment 

8.5.2.1 Mn shall be calculated in accordance with 22.3. 


,a>all 8.5.2 
.22.3 4 tiaj 8.5.2.1 


8.5.2.2 In calculating Mn for nonprestressed slabs with a 
drop panel, the thickness of the drop panel below the slab 
shall not be assumed to be greater than one-fourth the 
distance from the edge of drop panel to the face of column or 
column capital. 


( ^ IMll 8.5.2.2 

ijM 4Ja^LIj Jiuii iajLwil) 4Ja^ iilAwj VI 
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8.5.2.3 In calculating Mn for prestressed slabs, external 
tendons shall be considered as unbonded unless the external 
tendons are effectively bonded to the slab along its entire 
length. 

‘ ^Mn '^8-5-2-3 

Ulatfi Cj^l£ lajj ^ ^ La Aiaj|jl.a Jallj 

L^jiaj 

8.5.3 Shear 

8.5.3.1 Design shear strength of slabs in the vicinity of 
columns, concentrated loads, or reaction areas shall be the 
more severe of 8.5.3.1.1 and 8.5.3.1.2. 

8.5.3 

fjM (jhlUD ^ ^jLLa (jjij (ji 8.5.3.1 

8.5.3.1.1 JjJJ (jlaLLa ji »jS jaJI JLa^Vl ji SXaftVl 

.8.5.3.1.2 j 

8.5.3.1.1 For one-way shear, where each critical section to be 
investigated extends in a plane across the entire slab width, 
Vn shall be calculated in accordance with 22.5. 

^ ^laLa Jlaj A.uj''lj 8.5.3.1. 

J 'Vn uLmi^ ^ 4 J.aliilj ^ ^ja-v'.\t 

.22.5 

8.5.3.1.2For two-way shear, vn shall be calculated in 
accordance with 22.6. 

.22.6 d CSsj vn ‘ (jll 8.5.3.1.2 

8.5.3.2 For composite concrete slabs, horizontal shear 
strength Vnh shall be calculated in accordance with 16.4. 

uLui^ ^ I ^Luij^l CjUa^t^ 8.5.3.2 

.16.4 4 Vnh 

8.5.4 Openings in siab systems 

8.5.4.1 Openings of any size shall be permitted in slab 
systems if shown by analysis that all strength and 
serviceability requirements, including the limits on 
deflections, are satisfied. 

QUaUJI (i kial^h^l8.5.4 

Qa iJl ^ *-v-v fjji 8.5.4.1 

^ Lftj 4 cljUUaxa plljl44j| ^ Aji 


COMMENTARY 


R8.5.3 Shear 

R8.5.3.1 Differentiation should be made between a long and 
narrow slab acting as a beam, and a slab subject to two-way 
action where failure may occur by punching along a 
truncated cone or pyramid around a concentrated load or 
reaction area. 

R8.5.3 

4 J.>xj ALjla R8.5.3.1 

^ 4-j^l jL^VI 4^A^ A^yLA Cj|J 

j| Ajj£j.a aLi* A jl 
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8.5.4.2 As an alternative to 8.5.4.1, openings shall be 
permitted in slab systems without beams in accordance with 
(a) through (d). 


ijjij diUa^ ^ cjlvAlb i 8 . 5 . 4.1 > 8 - 5 - 4-2 

■(■*) (') 


(a) Openings of any size shall be permitted in the area 
common to intersecting middle strips, but the total quantity 
of reinforcement in the panel shall be at least that required 
for the panel without the opening, (b) At two intersecting 
column strips, not more than oneeighth the width of column 
strip in either span shall be interrupted by openings. A 
quantity of reinforcement at least equal to that interrupted by 
an opening shall be added on the sides of the opening, (c) At 
the intersection of one column strip and one middle strip, not 
more than one-fourth of the reinforcement in either strip shall 
be interrupted by openings. A quantity of reinforcement at 
least equal to that interrupted by an opening shall be added 
on the sides of the opening, (d) If an opening is located 
within a column strip or closer than lOh from a concentrated 
load or reaction area, 22.6.4.3 for slabs without shearheads or 
22.6.9.9 for slabs with shearheads shall be satisfied. 


^ (ji 41 ^ (AjJaUlall 

*^^*^*'^ JaVI ^uiuall ^ ^LJal 

^ V (AJamijIa JjaxU . 1 I& 

js jA (ja lOh <^jac- Aajjaj Jilj A.Aja (jii iJl (j) 

22 . 6 . 4.3 ^ Ajiala jl 

. shearheads 22.6.9.9 ji shearheads 
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8.6—Reinforcement limits 

8.6 - 

8.6.1 Minimum flexural reinforcement in nonprestressed 
slabs 

iliUa^sUll ^ 8.6.1 

8.6.1.1 A minimum area of flexural reinforcement. As,min, 
shall be provided near the tension face in the direction of the 
span under consideration in accordance with Table 8.6.1.1. 

^ i Asinin‘ ^uluu Jsi 8.6.1.1 

.8.6.1.1 


R8.6—Reinforcement limits 

Ciitliiiiill R8.6 - 

R8.6.1 Minimum flexural reinforcement in nonprestressed 
slabs 

A.luj.a ^ (ja .la.ll R8.6.1 

R8.6.1.1 The required area of deformed or welded wire 
reinforcement used as minimum flexural reinforcement is the 
same as that required for shrinkage and temperature in 
24.4.3.2. However, whereas shrinkage and temperature 
reinforcement is permitted to be distributed between the two 
faces of the slab as deemed appropriate for specific condi 
tions, minimum flexural reinforcement should be placed as 
close as practicable to the face of the concrete in tension due 
to applied loads. Figure R8.6.1.1 illustrates the arrangement 
of minimum reinforcement required near the top of a two- 
way slab supporting uniform gravity load. The bar cutoff 
points are based on the requirements shown in Fig. 
8.7.4.1.3a. To improve crack control and to intercept 
potential punching shear cracks with tension reinforcement, 
the licensed design professional should consider specifying 
continuous reinforcement in each direction near both faces of 
thick two-way slabs, such as transfer slabs, podium slabs, 
and mat foundations. Also refer to R8.7.4.1.3. 

A jt iilSUjjVl ^ R8 .6.1.1 

^ .24.4.3.2 SjljaJlj 

■''I lluLla aljj La UH 

ULaC ^ .1^1 

uaa'^\ .1^1 R8.6.1.1 _<tAjixall JLa^Sh lull ^ 

jJ (jja f (JA ^ 

CjUllalall Jal^j .lHuu .^lalLall J.a^ 

^jlalJJ&lj 8.7.4.1.3 

^ jSij (jl ‘,'7J ‘‘ .I*. ^ 

A<.^^>. ..tl (jA dl^l JS ^ j.aluMll ^jLaulj 

Cjbajbajl J i podlUm J ^ JLa (dl^Vl A^bj 

R8.7.4.1.3.l-^i i?-U 

^ Centerline bay 



—ArmyivAmpytt nf mrmmum rpmfnrr.pnn^yil 
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Table 8.6.1.1—As,min for nonprestressed two-way slabs 

Aualllj 4 Asmin - 8.6.1.1 

sUjVI 


Table 8.6.1.1—As min for nonprestressed two-way 
slabs 


Reinforcement 

type 

/»MPa 


Defoimed bais 

<420 

0.0020/4, 

Deformed bars 

or welded wire 

reinforCOTient 

>420 

Greats- of: 

0.0018X420 , 

/, 

0.0014/4, 


8.6.2 Minimum flexural reinforcement in prestressed slabs 

Atujj diUa^l ^ 8.6.2 


8.6.2.1 For prestressed slabs, the effective prestress force 
Apsfse shall provide a minimum average compressive stress 
of 0.9 MPa on the slab section tributary to the tendon or 
tendon group. For slabs with varying cross section along the 
slab span, either parallel or perpendicular to the tendon or 
tendon group, the minimum average effective prestress of 0.9 
MPa is required at every cross section tributary to the tendon 
or tendon group along the span. 

A a^i. ,1A 1 A a^i... a diUa^t^ '^‘•‘^^8.6.2.1 

2Jai.a MPa hiLua Ja.ujla Jsi 

AiUaIIIj, A.4^1 ji JjIS 

ji A.4^1 JjIS ^ dA^ldtlA ji CjljAA LaI jAkj ^jLIaaII 

0.9 MP Jlxill hiuJa Al^i IaiujIa Jii 414^1 Ca!:1jLS 

A.4^1 4jj^lS A&JA.V A ji Jjt£ ^tj ^IsIa JS ^ (.A^^llxa 

.^1 ijc. 


COMMENTARY 


Fig. R8.6.1.1—Arrangement of minimum reinforcement near 
the top of a two-way slab. 

^ (jA 4 ^J^Ia ^.jhA'i.'l ijj> ^AVI A^I 4^JA, R8.6.1 - 8 J^aaII 

jA AjaiUll (JA 


R8.6.2 Minimum flexural reinforcement in prestressed slab 

aI^VI A.1uaa ^iAaa (ja (jaaVI a^I R8.6.2 


R8.6.2.1 The minimum average effective prestress of 0.9 
MPa was used in two-way test panels in the early 1970s to 
address punching shear concerns of lightly reinforced slabs. 
For this reason, the minimum effective prestress is required 
to be provided at every cross section. If the slab thickness 
varies along the span of a slab or perpendicular to the span of 
a slab, resulting in a varying slab cross section, the 0.9 MPa 
minimum effective prestress and the maximum tendon 
spacing is required at every cross section tributary to the 
tendon or group of tendons along the span, considering both 
the thinner and the thicker slab sections. This may result in 
higher than the minimum fpc in thinner cross sections, and 
tendons spaced at less than the maximum in thicker cross 
sections along a span with varying thickness, due to the 
practical aspects of tendon placement in the field 

0.9 MPa 0^ (jajVI AaJi ^ R8.6.2.1 

A-v'l« 4 ' ^^jAdLAll (jj^l (JA (IjLaAAXAaaII (Jjiji 

A^l ^A^ 4 - 1 ^ 44-uaa1| ^laLaaII a ijS-v ajIaaII (j^ill 

jaIu Aja^ iiLoAA (jl£ IaI, (jAAajfr ^lalA (j£ ^ Al^VI A^aaaa (ja (jAAVI 

4.AC ^UAA Laa 4 JALA IaAjaC ji Jjis 

Aa&LJI 0.9 MPa 4 (Jalj11 ‘ a\-.v4 

(^Adjxll ^JaiAll ulAdcVI (JS (^ 4li!:Lllll (j^ ActA^U A^lj Jlxill 

jLaacVI (^ A^VI ^ 4 (jUalll jjla (JA ^jA^ ji jAjll ij\\ 

(JA (jAAVI AafI ^^LIajI lillA (^Aja as, lilALAlj J^Sh ^IAaII (JA (JS 

A^l (JA (Jsi (^ ^jIaaIa 4(_^Sh A^udjull ^IAaII (^ ajIaII aLsISa 

4 A a\-.v a ^Laaaj jal^I AIaIaI ISaaa j^Sh AA.4Aajxll ^JalSAll ^ 

(Js^l (^ (jA^lill AaIulII 4^Ij^ Ijlu 
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8.6.2.2 For slabs with bonded prestressed reinforcement, 
total quantity of As and Aps shall be adequate to develop a 
factored load at least 1.2 times the cracking load calculated 
on the basis of fr defined in 19.2.3. 


i CjIJ CjUa^t^ 

ijA 2 i/iA Aps J As ‘d 

,19.2.3 fi* ^Ljji O'* lI^VI 

8.6.2.2.1 For slabs with both flexural and shear design 
strength at least twice the required strength, 8.6.2.2 need not 
be satisfied. 


A,,aaaa>^ cjUa^UIl 8.6.2.2.1 

.8.6.2.2 (.jijjj V ‘ JiVl (jlft CjUiall SjSll l a».<^ 


8.6.2.3 For prestressed slabs, a minimum area of bonded 
deformed longitudinal reinforcement. As,min, shall be 
provided in the precompressed tension zone in the direction 
of the span under consideration in accordance with Table 
8.6.2.3. 

Jsi jjSjj ‘ ^8.6.2.3 

dl^l ^ laXiJall ^ 4 As,Itlin ^ 

.8.6.2.3 


R8.6.2.2 This provision is a precaution against abrupt 
flexural failure developing immediately after cracking. A 
flexural member designed according to Code provisions 
requires considerable additional load beyond cracking to 
reach its flexural strength. Thus, considerable deflection 
would warn that the member strength is approaching. If the 
flexural strength were reached shortly after cracking, the 
warning deflection would not occur. Transfer of force 
between the concrete and the prestressing steel, and abrupt 
flexural failure immediately after cracking, does not occur 
when the prestressing steel is unbonded (ACI 423.3R); 
therefore, this requirement does not apply to members with 
unbonded tendons. 

ija jfi*j R8.6.2.2 

jJaxll jjk 

l^Lial 

4.4^ Ul. jiJaxl) 4.4jUd 3^ CH 

Jlj V. 3 !^ 13 **^''''^ jxj 

djA^l^ JASj Jl^Vl 3^^^ 4 JLaij^I (jm djill 

jls (ACI 423.3R) 4l^yi 3^^^^ La^jc 4 344^1 Juj 

,4ja^jAll 4 ^j 4 f.t ■tAfcy* laj.4^1 |4A 3 .^^ V ‘4141 ^ 

R8.6.2.3 Some bonded reinforcement is required by the Code 
in prestressed slabs to limit crack width and spacing at 
service load when concrete tensile stresses exceed the 
modulus of rupture and, for slabs with unbonded tendons, to 
ensure flexural performance at nominal strength, rather than 
performance as a tied arch. Providing the minimum bonded 
reinforcement as stipulated in this provision helps to ensure 
adequate performance. 

44JAA44 ^ 4l^.^Vl 3^^^ IsjIjIaII ^jIa^jII R8.6.2.3 

jjL^^ La4l& ^.4^1 4 I& 3^44211 3^ 4^4 4l^.^Vl 

4 AIajIjIaII 4l4^l£l) 4 I 4 I 4 4 3j*41) JaIxa 44^1 isjLua 

, 4 I 4 VI 3^ V4j 4 4A.aAAjVl ^jHaI) 4l& fU^JVl 4l4Vl 3 ' 

^ 4a1& jtb La£ IsjIjIaII ^AaIII 3 ^ 4^1 4 &L 4 A 4 JJ 

^laIaaIII Qa ^^4V1 .4^) ‘**4‘ .uaajLIaII pl4Vl 3^***^ *4-v \l 1.^ 

4-v1a.,ia'i iliUaliLlI 4 aK;! ^ lajljlall 

The minimum amount of bonded reinforcement in two-way 
flat slab systems is based on reports by Joint ACIASCE 
Committee 423 (1958) and ACI 423.3R. Limited research 
available for two-way flat slabs with drop panels (Odello and 
Mehta 1967) indicates that behavior of these particular 
systems is similar to the behavior of flat plates. For usual 
loads and span lengths, flat plate tests summarized in Joint 
ACTASCE Committee 423 (1958) and experience since the 
1963 Code was adopted indicate satisfactory performance 
without bonded reinforcement in positive moment regions 
Z-so.i7VZ^ In 

positive moment regions where 

0.17./^ < /, <"(i..so/^ 


a minimum bonded reinforcement area proportioned to resist 
Nc according to Eq. (8.6.2.3 

ACI 423.3R. j ACIASCE 423 (1958) 3^ji44All 4^1 jjjlli 

^ 3 ^^^'^) >^14 4 -v 1 a.,ia'I 4 j 3 ^ 4 j 4 &a 1 | JAaiU 

4.^Lill 4.JilVl »4A ^jLa 3 i Mehta 1967) j (Odello ili-V 

3t£ 4 4l4laVI Jljlaij ^4bdl JIa^SU AjaaIUj _4-v1a.,ia'I ^sIS-aa'I 
A(]]I.^j14Aa 1| 4 *-vUl ^ ^ 4 -vIa...a\I 4ljUa5Lll 4l4ljlj2^l 

^bi 1963 JjS 4L.2ftl 41,'l^J^^jASCE 423 (1958) 


! — _ ■’•'j-A. 4 a^ja 3 ^ku ^ 94 j£uaa "* 3^4 

~ f ~ 4j4-Vjyt ^jsd! 3^tiA ^ 

Nc 4 .aj14a ^ f‘‘-t**4. IsjIjIaII 4.^L4aa1 ^4^1 4^1 (JjSa 

8.6.2.3) Eq. 
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Table 8.6.2.3—^Minimum bonded deformed longitudinal 
reinforcement As,min in two-way slabs with bonded or 
unbonded tendons 

tiiUaiUll ^ Asmin ‘ Jai - 8.6.2.3 

ji AJajljxa ^ 


Table 8.6.2.3—Minimum bonded deformed longi¬ 
tudinal reinforcement As,min in two-way slabs with 
bonded or unbonded tendons 


Region 

Calculated/, after all 
losses, MPa 

A,w»> nim^ 


Positive moment 


Not required 

(a) 

o.17./7^< /,<a.5a^' 

K 

O-V, 

(b)[ll.[21.W 

Negative moment 
at columns 


0.00075^,,/ 

(c)Pl-W 


[1]The value of fy shall not exceed 420 MPa. [2]Nc is the resultant 
tensile force acting on the portion of the concrete cross section that is 
subjected to tensile stresses due to the combined effects of service 
loads and effective prestress. [3]Acf is the greater gross cross- 
sectional area of the slab-beam strips of the two orthogonal 
equivalent frames intersecting at a column of a two-way slab. [4]For 
slabs with bonded tendons, it shall be permitted to reduce As,min by 
the area of the bonded prestressed reinforcement located within the 
area used to determine Nc for positive moment, or within the width of 
slab defined in 8.7.5.3(a) for negative moment. 

420 MPa fy ^ Vi 

jlII ijlC' |J.<xj . [ 2 ] 

a%4tl CjI ijia jsjj ^jll 
-a jaS jadi ^Acf . [3] Aaj.aatl 

. [4] .^>4^ ^ iUiaUla ^laUtLall 

.^1 ^ i AJsjI jla Cj|j CjUa^t^ 

^ajidl ajaajl A . AaLuiaII jjA^a At^VI (Jaaaa iaj|jlall ^aLaaII 

.uILauII ) 8.7.5.3 ^jP ^jAAca ji i a^jaII 


COMMENTARY 

(b)) is required. The tensile force Nc is calculated at service 
load on the basis of an uncracked, homogeneous section. 
Research on unbonded post-tensioned two-way flat slab 
systems (Joint ACTASCE Committee 423 1958, 1974; ACl 
423.3R; Odello and Mehta 1967) shows that bonded 
reinforcement in negative moment regions, proportioned on 
the basis of 0.075 percent of the cross-sectional area of the 
slabbeam strip, provides sufficient ductility and reduces 
crack width and spacing. 

^JaLa ^LaiI ijiC’ 4.A.laJl Ja^ ajC’ iji uLa^ ^ .u^jILa ((v) 

ataAVI AaJaAAAll CjUa!!l^l AaIuI .^jaaI^aa ^jaaIsaa 

a974 ‘ ACI-ASCE 423 1958^>4 >a1i 5^1 (aJjAaiAll 
J JaAljAAll jcaIaaII oi a“ Mehta 1967) j Odello ^ACI 423.3R 
(jA AiialA (jA ZO.075 4a4aj ^ 4 atj 4. .itl ^jxll ^jlalla 

jaaaaIi (jA (JIS^ 4a jSjA 4 slabbeam 

ji iajljAAll ^ 4ja^ ^ iajljAAll ‘4ft ^ A aU*Att ^jaH ca^^Usa 


The same area of bonded reinforcement is required in slabs 
with either bonded or unbonded tendons. The minimum 
bonded reinforcement area required by Eq. (8.6.2.3(c)) is a 
minimum area independent of grade of reinforcement or 
design yield strength. To account for different adjacent 
tributary spans, this equation is given on the basis of the 
equivalent frame as defined in 8.11.2 and pictured in Eig. 
R8.11.2. Eor rectangular slab panels, this equation is 
conservatively based on the greater of the cross-sectional 
areas of the two intersecting equivalent frame slab-beam 
strips at the column. This ensures that the minimum 
percentage of reinforcement recommended by research is 
provided in both directions. Concentration of this 
reinforcement in the top of the slab directly over and 
immediately adjacent to the column is important. Research 
also shows that where low tensile stresses occur at service 
loads, satisfactory behavior has been achieved at factored 
loads without bonded reinforcement. However, the Code 
requires minimum bonded reinforcement regardless of 
service load stress levels to help ensure flexural continuity 
and ductility, and to limit crack widths and spacing due to 
overload, temperature, or shrinkage. Research on post- 
tensioned flat plate-to-column connections is reported in 
Smith and Burns (1974),. 
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8 .6.2.3) Eq. Cjlhall (jM 

ji "''I 9j2 Cfi' AJ^luu l^J A^jalg ^ ((Z) 

Lft£ Jjjll ^Luii ^jIjlaII dJA ‘ 

JaiLJl A-ujiilb R8.11.2. 8.11.2 j* 

^laLoll ^jiaLla j^i Aajxj ^jIjlaII dlA (jlA .i A\ 

IjAj .JjauII ^ W a* A\ jUaVI (jji ^j^Lula ,_,AAajall 

^ ^ Aj ^a*; ^ (>a Aj ^jLaIII (ja ^JVI (ji O'aAaaj 

ajAAlxa ^^4^ c^J^I ^t*<‘"" ^ IjA u! ^ 

jl^.^1 ^ 4jj ll^ajj J,5.49 lU Ijjl^j 

JLa^Vl iiI,^^lAA (4«a.^^l JLa^l .1 a^\i\ ^^a-v * a 

(JA .^1 .^^AaaM Aaa (JJAJ ajm-v a\I 

^LaAAa ^ dJ&LuLAll (^^^aaaaa jJ^I 

J&UaIIj ^jAA^j 4>a A^lj A^Luu^^l A^I^^aoIaaVI 

CasIUI ilAjVI uC. ^ibVl fa2 .oi'-aia'VI ji 5jlja-!l AajJ ji JalsJI sJbj 
Smith and Burns a»j Cj,>a«Jl AA»iaAAAill iiiilAajJb 

‘Hawkins (1981) ‘Burns and Hemakom (1977) ‘(1974) 
Foutch et al. (1990). ‘PTI TAB.l 


Burns and Hemakom (1977), Hawkins (1981), PTI 
TAB.l, and Foutch et al. (1990). Research has shown 
that unbonded post-tensioned members do not 
inherently provide large capacity for energy 
dissipation under severe earthquake loadings because 
the member response is primarily elastic. For this 
reason, 

QjjSjj V AaaII i^i^AA AjajljlAlj ^i 

CI&jaaI ^Uall 

Aj jA JjVI jalLall tjj^ ^jAaaJl 

unbonded post-tensioned structural members 
reinforced in accordance with the provisions of this 
section should be assumed to resist only vertical loads 
and to act as horizontal diaphragms between energy- 
dissipating elements under earthquake loadings of the 
magnitude defined in 18.2.1 

^LS^V A^IwaaII aJs^ja Aa^I (Jaaaa auuaaII 1a^ , 

LftS Aaaa&I jAxJjj la^ A^i^l 

magnitude u^* i hA i XA ^Uall jaasUc A^Vl 

.18.2.1 </Aij*All 


176 








CODE 

COMMENTARY 

8.7—Reinforcement detailing 

8.7 - 

8.7.1 General 

8.7.1.1 Concrete cover for reinforcement shall be in 
accordance with 20.6.1. 

,aU8.7.l 

R8.7—Reinforcement detailing 

eiijilioill - R8.7 

.20.6.1 8.7.1.1 


8.7.1.2Development lengths of deformed and prestressed 
reinforcement shall be in accordance with 25.4. 


jL^VI cIiaiSaH (ji 8. 7. 1.2 

.25.4 ^3 


8.7.1.3 Splice lengths of deformed reinforcement shall be in 
accordance with 25.5. 


.25.5 4 juiuiiU Jljlai (jjij (ji i.;*^8.7.1.3 


8.7.1.4 Bundled bars shall be detailed in accordance with 
25.6. 


.25.6 4 CSsj o' ‘t‘^8.7.1.4 

R8.7.2 Flexural reinforcement spacing 

8.7.2Flexural reinforcement spacing 

^ mLm R8.7.2 

^ M--. ^ ^Lill 8.7.2 


8.7.2.1 Minimum spacing s shall be in accordance with 25.2. 


.25.2 j-a ^Ijla S (jjj AiUju (Jai (jjSj (ji 8.7.2.1 

R8.7.2.2 The requirement that the center-to center spacing of 

8.7.2.2 For nonprestressed solid slabs, maximum spacing s of 
deformed longitudinal reinforcement shall be the lesser of 2h 
and 450 mm. at critical sections, and the lesser of 3h and 450 
mm. at other sections. 

the reinforcement be not more than two times the slab 
thickness applies only to the reinforcement in solid slabs, 
and not to reinforcement in joists or waffle slabs. This 
limitation is to ensure slab action, control cracking, and 
provide for the possibility of loads concentrated on small 

8.7.2.2 

450 mm j 2h 6^ ^UajiVI Cm 

.(i jii jlalia ^ 450 mm J 3h c> Jib ‘ jialiall 

areas of the slab. Refer also to R24.3 

^ jA j$ jaII (jlj ia jaaIaj V 8"7-2-2 

^ 

iIa, waffle uL^Vl ^ ch^j *• 

JLa^VI Jj.^^ ^.^ISaI ^ Ja& 

R24.3 (^! CjL^Laa 

8.7.2.3 For prestressed slabs with uniformly distributed 
loads, maximum spacing s of tendons or groups of tendons in 
at least one direction shall be the lesser of 8h and 1.5 m. 

R8.7.2.3 This section provides specific guidance concerning 
tendon distribution that will permit the use of banded tendon 
distributions in one direction. This method of tendon 
distribution has been shown to provide satisfactory 
performance by structural research (Burns and Hemakom 

( 8.7.2.3 

.14^11 jl .1^1 .1^1 

.>1.5 j8h6-Jai JflSfl 

1977). 

^laaaj dj.i^A 1.^ ^•^8~7~2~3 

.A&lj dl^l ^ iJjUjjjj 

(Burns ^tAjVl Jiti ^ ja p-bi jSjj sja 

and Hemakom 1977). 
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8.7.2.4 Concentrated loads and openings shall be considered 
in determining tendon spacing. 

dip 8.7.2.4 


8.7.3 Corner restraint in slabs 


cjliiLll J o^jll jajS2 8.7.3 


8.7.3.1 At exterior corners of slabs supported by edge walls 
or where one or more edge beams have a value of af greater 
than 1.0, reinforcement at top and bottom of slab shall be 
designed to resist Mu per unit width due to corner effects 
equal to the maximum positive Mu per unit width in the slab 
panel 

LaAiC ji A^jia (jlj.1^ CjUa^t^ .^8.7.3.! 

Q\ 1 J_Q ly, jjp AjS jlall till jaSII qa jjSI jI I^ljl (jj^j 

Jll Mu a a lUa^t^l Jiuiij 

AjjLaa iL^^I tlilj^Ul Ijiu 


8.7.3.1.1 Factored moment due to corner effects. Mu, shall 
be assumed to be about an axis perpendicular to the diagonal 
from the corner in the top of the slab and about an axis 
parallel to the diagonal from the corner in the bottom of the 
slab. 

‘Mu ‘ jh t.ijUAj .i«.i^a'i ^Jxll (ji (jijijj 8.7.3.1.1 

JIjA dj^j 4ia5Ul ^ J^jll y> jlaill 2 ^ IaUIa Jja. 

JitAl ^ ^jll ya jiaill ^ 

8.7.3.1.2 Reinforcement shall be provided for a distance in 
each direction from the corner equal to one-fifth the longer 
span. 


4^ dl^l ^ ^LuiaI ^jluilll 8.7.3.1.2 

8.7.3.1.3 Reinforcement shall be placed parallel to the 
diagonal in the top of the slab and perpendicular to the 
diagonal in the bottom of the slab. Alternatively, 
reinforcement shall be placed in two layers parallel to the 
sides of the slab in both the top and bottom of the slab. 


5ia5Lll ^Jc.\ ^ jlaill ^ J-ijj 8.7.3.1.3 

y^i^ ^ ..'ll ^iSaj i_i^ iiiUj y> 'ill, JLjii ^ jialll ijiC’ 

^it4l JiuliJ (jlft i (>a Js ^ ‘UaiCll ^ 


8.7.4 Flexural reinforcement in nonprestressed slabs. 

.Jl^VI j4dl iliUa^t^l ^ 8.7.4 

8.7.4.1 Termination of reinforcement 


8.7.4.1 


COMMENTARY 


R8.7.3 Corner restraint in slabs 


‘liUaiUl J osjl ^ R8.7.3 


R8.7.3.1 Unrestrained corners of two-way slabs tend to lift 
when loaded. If this lifting tendency is restrained by edge 
walls or beams, bending moments result in the slab. This 
section requires reinforcement to resist these moments and 
control cracking. Reinforcement provided for flexure in the 
primary directions may be used to satisfy this requirement. 
Refer to Fig. R8.7.3.1. 

lift ^jll yll (j^L^VI iiilj 3Ja5lj S.iiAaII (jlSjVI Jj.»j R8.7.3.1 

(jU ti jaS jI jII^ i3i^ Cfi ^jll ‘tl^ Ul, JjaVi.'I 
^j*Jl »aja i-^jI-"* ^j^l lift V. u^l ^Ll^VI 

CjIAI^jVI ^*^11 * ‘a^lt ^jl. ■<'<11 *1 ‘.y*,. .|1 *^'^*‘1'^ 

R8.7.3.1.J^I i^\ tjUtdl lj* ^LaVI 




OPTION 1 



Fig. R8.7.3.1—Slab corner reinforcement. 

Aa ^jll AiaiUll .R.3.7.3 - 7 JS.4JI 
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8.7.4.1.1 Where a slab is supported on spandrel beams, 
columns, or walls, anchorage of reinforcement perpendicular 
to a discontinuous edge shall satisfy (a) and (b); 

(a) Positive moment reinforcement shall extend to the edge 
of slab and have embedment, straight or hooked, at least 150 
mm. into spandrel beams, columns, or walls (b) Negative 
moment reinforcement shall be bent, hooked, or otherwise 
anchored into spandrel beams, columns, or walls, and shall 
be developed at the face of support 


CjjU ji ji (liilS |j| 8.7.4.1.1 

j 4 


4 jjj^l ^ aJs^LI} Jloj 

ji dAo&i ji ^ 150 mm ^ ji 

jl c^LwiIl UJ% (s^) uU*^ 

ji iSiocSfl tilljAill JLSajVI (^4 




8.7.4.1.2 Where a slab is not supported by a spandrel beam 
or wall at a discontinuous edge, or where a slab cantilevers 
beyond the support, anchorage of reinforcement shall be 
permitted within the slab. 

jjC ^5411 tlul£ |j| 8 . 7 . 4 . 1.2 

(ji 4 (JjUajUl) I.A. 1 I& ji 4 SjaILaa 

JkU "*'1 ^LuaII ^ 

8.7.4.1.3 For slabs without beams, reinforcement extensions 
shall be in accordance with (a) through (c); 

(a) Reinforcement lengths shall be at least in accordance with 
Fig. 8.7.4.1.3a, and if slabs act as primary members resisting 
lateral loads, reinforcement lengths shall be at least those 
required by analysis, (b) If adjacent spans are unequal, 
extensions of negative moment reinforcement beyond the 
face of support in accordance with Fig. 8.7.4.1.3a shall be 
based on the longer span, (c) Bent bars shall be permitted 
only where the depth-tospan ratio permits use of bends of 45 
degrees or less. 

^aLjuII 4l4j.^.laj (j^ (jl 4414|ja£ (jj.^ (JjUajUl! 4.UAtilj 8 .7.4.1.3 

, ' ’ :b 

‘ a 8.7.4.1.3 tlsAll tijla JiVl juLajH Jljlai (jjij (ji (i) 

(jjij (ji 4.1^ 4 4l jAdUc ^llu CjUajUil 4jjjl£ 

(lull |jl (4u). ^ (JfiVl Jl^^i 

La ‘ ^aLaJ 4 l4l.^lAJ U*;. .1*4 4 AjjLa^(A dJjLxAAl) 

(S)- (j^a 8.7.4.1.3 (JSaaII 

(IjlpLlxuVl (^^Axl) Ajaaj ^A4aj LalaP VI AaIaIaII ^LaaVIu 

.(Jai ji 4 a jj 45 jLj (^1 


R8.7.4.1.1 and R8.7.4.1.2 Bending moments in slabs at 
spandrel beams may vary significantly. If spandrel beams are 
built solidly into walls, the slab approaches complete fixity. 
Without an integral wall, the slab could approach being 
simply supported, depending on the torsional rigidity of the 
spandrel beam or slab edge. These requirements provide for 
unknown conditions that might normally occur in a structure. 

sjaS (^ (^ (iUaIVI fje ciliki ja R8.7.4.1.2 j R8.7.4.1.1 

4(jlj4^l djij 4<4 .hIaIi SjaIII fLL ^ iJl, JjUaII 

(jA 4jaj41) 4(^L4^1 JxjIa (jj4j, (JaIIII duj^l (jA 

^Ia ji SjaSI A^lj^Vl S^La^ IjIaI&I 4^Uau ^j&4a 4u^ 

.LaaIaII 9Jl£ 4^4XJ ja ^JJjlA (JjluUajAll 9 ^jlull 


R8.7.4.1.3 The minimum lengths and extensions of 
reinforcement shown in Fig. 8.7.4.1.3a were developed for 
slabs of normal proportions supporting gravity loads. These 
minimum lengths and extensions may not be sufficient for 
thick two-way slabs such as transfer slabs, podium slabs, and 
mat foundations. As illustrated in Fig. R8.7.4.1.3b, punching 
shear cracks, which can develop at angles as low as about 20 
degrees, may not be intercepted by the tension 
reinforcement, substantially reducing punching shear 
strength. 

(^ 4AAdjAll ^lAaUI (Ii|4j4ajj Jljlai (jA (_jjJVI 4 a1| jJjiaj ^8-7-4-1-3 
(jj% V 42 (JLa^I ^4j (-UAJ (Jj|j 4jajlAla 8.7.4.1.3 

4<ja.. ill (j^L^vi cj|j Lsl^ (jjlsLAidVIj JljlxVI (jA (_jj4VI 4a1I Ija 
(JIa^I (^ jA La£ .(IiIaaLaaVIj podiuitl ^54 j (JaHI 4jaj4 

jjlajj (ji (jlaj yillj 4 4 a£a1| (jaaII (JJAaa (jli 4 R8.7.4.1.3b f»2j 
(J51 a (jA L^aasIJ jftl ^ V 42 4 4 ajJ 20 (jl! 4AAaiiAA 4^1 jj 

(JljAkll (jAXll 4 a^14a (jA JA^ J^AAI (jl^J Iaa 4 4a^I ^aIaaJ 

Providing continuous reinforcement or extending the 
minimum lengths in Fig. 8.7.4.1.3a should be considered for 
slabs with fn/h ratios less than about 15. Also, for moments 
resulting from combined lateral and gravity loadings, the 
minimum lengths and extensions of bars in Fig. 8.7.4.1.3a 
may not be sufficient. 

(^ JljlaVI (jA (j44VI 4a1| 4j4aj ji jaILaaII ^uIaaHI ja2jj (^ jlklll 

'4‘^4j .15 (>» (J2i In / h (jaaHi (jjii 4Jaj4a 8.7.4.1.3 

(jA (^4V1 4 a 11 (j^ 4^jl4AAftll 4^4 ^Ij 4jMl.v\t (IiVaaII (j& 4.^1111 ^jxl 
(jjij V 42 a 8.7.4.1.3 (^ (jl;Jal,'t 4j4ajj JljlaVl 

Bent bars are seldom used and are difficult to place properly. 
Bent bars, however, are permitted provided they comply 
with 8.7.4.1.3(c). Further guidance on the use of bent bar 
systems can be found in 13.4.8 of the 1983 Code. 

4iill4 ,^aA4^ I^.Xa^j (.axaAjj 4a1ua (j4AAa2 ^4kAAAj La Ij4lj ,, 

8.7.4.1.3 djllll ^ 4 ^Ijja (jjij (ji 4jajjAA (-(1 .AaaU (jljAAa^ ^aaaj 
fla^Vl 4 aUH ^IaxIaaI (libLAAjVl (jA 4 jja JL^xll (jSAjfcl. 
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Fig. 8.7.4.1.3a—Minimum extensions for deformed reinforcement in two-way slabs without beams. 

^ ^j\-v A\ Jii £1.8.7.4.1.3 

.11111111111 llllllllllllUllllllllllll 




Punching shear crack 
intercepted by top 
reinforcement- 


0.3f„ 


1 


(a) Slab of normal proportions 


lllllllllllllllllllllllllllllllllllll 



Fig. R8.7.4.1.3b—Punching shear cracks in slabs with reinforcement extensions consistent with Fig. 8.7.4.1.3a 

a.8.7.4.1.3 JiAll ^ jiA..:;!! ijjijijiai cjlj cjUaiL ^ .R7.7.4.1.3b - . 
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8.7.4.2 Structural integrity 

R8.7.4.2 Structural integrity 

JUISVI 8.7.4.2 

yjLil'ib JUiSVI R8.7.4.2 

8.7.4.2.1 All bottom deformed bars or deformed wires within 
the column strip, in each direction, shall be continuous or 
spliced with full mechanical, full welded, or Class B tension 
splices. Splices shall be located in accordance with Fig. 
8.7.4.1.3a. 

R8.7.4.2.1 and R8.7.4.2.2 The continuous column strip 
bottom reinforcement provides the slab some residual ability 
to span to the adjacent supports should a single support be 
damaged. The two continuous column strip bottom bars or 
wires through the column may be termed “integrity 

ji 8.7.4.2.1 

H ‘ jl J-aLilL jl Aljat)S 

8.7.4.1.3a ^ 

reinforcement,” and are provided to give the slab some 
residual strength following a single punching shear failure at 
a single support (Mitchell and Cook 1984). Joint ACI-ASCE 
Committee 352 (ACI 352. IR) provides further guidance on 
the design of integrity reinforcement in slab-column 

8.7.4.2.2 At least two of the column strip bottom bars or 
wires in each direction shall pass within the region bounded 
by the longitudinal reinforcement of the column and shall be 
anchored at exterior supports. 

connections. Similar provisions for slabs with unbonded 
tendons are provided in 8.7.5.6. 

jtiiuij jijj R8.7.4.2.2 jR8.7.4.2.1 

ij^j ^ dj.^1 ^j^axj 

^Iua.iiVI ^ 8.7.4.2.2 

dl^l JS ^ u^^LuuVI jj 

ji A^jJj J dd^lj 

fUa&V 4 "J.aL£ll) ^ulyuj " 

(Mitchell and (j-aill jjljiil JaaiA 

(ACI 352 ACI-ASCE (»Ji2Cooki 1984). 

^ ^LaauII JLajSVI ^uiyiij tlilJlAjjVl 0^ ^■lJ>«352.1R) 

.8.7.5.6 J 

8.7.4.2.3 In slabs with shearheads where it is not practical to 
pass the bottom bars through the column in accordance with 

8.7.4.2.2, at least two bottom bars or wires in each direction 
shall pass through the shearhead as close to the column as 
practicable and be continuous or spliced with full 
mechanical, full welded, or Class B tension splices. At 
exterior columns, the bars or wires shall be anchored at the 
shearhead. 

R8.7.4.2.3 This provision requires the same integrity 
reinforcement as for other two-way slabs without beams in 
case of a punching shear failure at a support. In some 
instances, there is sufficient clearance so that the bonded 
bottom bars can pass under shearheads and through the 
column. Where clearance under the shearhead is inadequate, 
the bottom bars should pass through holes in the shearhead 
arms or within the perimeter of the lifting collar. Shearheads 
should be kept as low as possible in the slab to increase their 

(Ja* shearheads tiUa^jUl i^8.7.4.2.3 

La jju 4 8.7.4.2.2 

ij^ shearhead u-* libL-ui j\ <ALm JL V 

Ci^ 4 Ai^jL^} dAafrVl (j^, <-J ji ji 

. shearhead <4!jLjV 1 ji ^Lja^VI 

effectiveness. 

AaLalSj iajAlil IIa uliajR8 .7.4.2.3 j 

iiIiVIaJI (jiaxj j_^. jll Jjft (jljjil J4 i 2 ^ 5j..«Sh 

J.U lilUA 

shearhead ojSj UaIc. jjc-j shearheads 

shearhead £.jji (>> ijl.uAt.'l j^i (ji iAjaLS 

jja shearhead (j\ jijh (jjla Jib ji 

dJLjI AJa^Lll ^ 

8.7.5 Flexural reinforcement in prestressed slabs 

R8.7.5 Elexural reinforcement in prestressed slabs 

Jt^VI diUajUll fjk ^U^VI ^uluu R8.7.5 

jL^VI AliA.iM cijUa^l^l ^ f U^Vl 8.7.5 


8.7.5.1 External tendons shall be attached to the slab in a 
manner that maintains the specified eccentricity between the 
tendons and the concrete centroid through the full range of 
anticipated member deflections. 


^ JaaUj ^jiaj ^jLiJl (jlsu 8.7.5.1 

(j.a ^Lwij^l Ja^j Ja^I 4li^l£ AA-v^tl 
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8.7.5.2 If bonded deformed longitudinal reinforcement is 
required to satisfy flexural strength or for tensile stress 
conditions in accordance with Eq. (8.6.2.3(b)), the detailing 
requirements of 7.7.3 shall be satisfied. 

f-l Jajljlall ^Jt-v iJl S.7.5.2 

f-l aj'■ "I ‘(('^) 8.6.2.3). '^‘^1 '^1'^! ji 

,7.7.3 Cjbllaldl 


8.7.5.3 Bonded longitudinal reinforcement required by Eq. 
(8.6.2.3(c)) shall be placed in the top of the slab, and shall be 
in accordance with (a) through (c): (a) Reinforcement shall 
be distributed between lines that are 1.5h outside opposite 
faces of the column support, (b) At least four deformed bars, 
deformed wires, or bonded strands shall be provided in each 
direction, (c) Maximum spacing s between bonded 
longitudinal reinforcement shall not exceed 300 mm. 

((Z) 8.6.2.3). 8.7.5.3 

•(Z) (*) iAJaiUl ^ 

l.Sh Jajlaill (ji 4*^ (i) 

ji (JiVl ^ (*^)* ^.>^1 

{Z)- ^ ji 

300 mm . 1^1 j^l 

8.7.5.4 Termination of prestressed reinforcement 

8.7.5.4 

8.7.5.4.1 Post-tensioned anchorage zones shall be designed 
and detailed in accordance with 25.9. 

.25.9 4 lifij j A, ^ 8.7.5.4.1 

8.7.5.4.2 Post-tensioning anchorages and couplers shall be 
designed and detailed in accordance with 25.8. 

J CjLa.jJj.aj CjLj^ -j.■.8.7.5.4.2 

.25.8 

8.7.5.5 Termination of deformed reinforcement in slabs with 
unbonded tendons 

.Alajljla Cj5Ljl£ Cj|J Cjlia5Lj ^ pL^I 8.7.5.5 


COMMENTARY 

R8.7.5.2 Bonded reinforcement should be adequately 
anchored to develop the required strength to resist factored 
loads. The requirements of 7.7.3 are intended to provide 
adequate anchorage for tensile or compressive forces 
developed in bonded reinforcement by flexure under factored 
loads in accordance with 22.3.2, or by tensile stresses at 
service load in accordance with Eq. (8.6.2.3(b)). 

^jUaal) ajih cits jaJ j.all j^JJ (ji R8 .7.5.2 
Jluj J^JJ 1,7,3 Cjljllald l4j^j, SjAia^aI) JLaaVl ^.AjliAl 
J5L^ (JM laaljla ^ ^ JjliU ,>i;yi jj j.,^1 

jjc Jit^l 'Lkuljj ji >22.3.2 jLjaaU t^j ajjaLah CjVjAall Cjaj 

.(ij). (8.6.2.3 )*J^I JjIaaI llij 4.AJaJl Jaa 


R8.7.5.5 Termination of deformed reinforcement in slabs 
with unbonded tendons 

AJajljla lui Cj^Lallj CjLla5Lj ^ (jjiaAll ^L^l 8-7-5-5 
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8.7.5.5.1 Length of deformed reinforcement required by 

8.6.2.3 shall be in accordance with (a) and (b): (a) In positive 
moment areas, length of reinforcement shall be at least f n/3 
and be centered in those areas (b) In negative moment areas, 
reinforcement shall extend at least fn/6 on each side of the 
face of support 

R8.7.5.5.1 The minimum lengths apply for bonded 
reinforcement required by 8.6.2.3, but not required for 
flexural strength in accordance with 22.3.2. Research 
(Odello and Mehta 1967) on continuous spans shows that 
these minimum lengths provide adequate behavior under 
service load and factored load conditions 

5jiill <uUalj uJ% 8-7.5.5.1 

(ji 4 jIaLla ^ (i) j (i) Oa Jil 8.6.2.3 

(u) (jIaUaII dij ^ ob £n / 3 05 % 

^ j£ (n/6 JIaJ 4 ^L4AJj 

,0j^jll 

u- R8.7.5.5.1 

jA Lai fU^Vl ^jIAaI i 8.6.2.3 

SjaamaIi jjslA\ ^ Mehta 1967) j (Odello 22.3.2 

Jaa&aII uijjlaj ^.1^) Ja^ UmUa d.lA 

SjaI^aII 

8.7.5.6 Structural integrity 

^Uyiil JkMS;il 8.7.5.6 

R8.7.5.6 Structural integrity 

^Uiiil JUA;il R8.7.5.6 

8.7.5.6.1 Except as permitted in 8.7.5.6.3, at least two 
tendons with 12.7 mm. diameter or larger strand shall be 
placed in each direction at columns in accordance with (a) or 
(b): (a) Tendons shall pass through the region bounded by 
the longitudinal reinforcement of the column, (b) Tendons 
shall be anchored within the region bounded by the 
longitudinal reinforcement of the column, and the anchorage 
shall be located beyond the column centroid and away from 
the anchored span. 

R8.7.5.6.1 Prestressing tendons that pass through the slab- 
column joint at any location over the depth of the slab 
suspend the slab following a punching shear failure, 
provided the tendons are continuous through or anchored 
within the region bounded by the longitudinal reinforcement 
of the column and are prevented from bursting through the 
top surface of the slab (ACI 352. IR). 

JaVl (jJfr ‘ 8.7.5.6.3 % ^^^-uaa ja U 8-7-5-6-1 

^ Js ^ iLLS ji 12.7 mm ^ 

,1^1 jAJ (ji ■(^) '5^ (0 ^ ^-5 SAa&VI 

^ (v)> 

4J,^^AxIl J^JA CaaJLI] 4J,^^A9l1I ^uLaH) 

.iJaAaII 

- J^^aP J-waftA jL^VI A%aaa1) ^^I^IR8. 7.5.6.1 

4 Jxj (j^ 0^^ 

^Jal^All jijjj jl SjaIma (jjSj (jl 

(ACI QA jL^Vl JjAxU 

352.1R). 

8.7.5.6.2 Outside of the column and shear cap faces, the two 
structural integrity tendons required by 8.7.5.6.1 shall pass 
under any orthogonal tendons in adjacent spans. 

R8.7.5.6.2 Between column or shear cap faces, structural 
integrity tendons should pass below the orthogonal tendons 
from adjacent spans so that vertical movements of the 
integrity tendons are restrained by the orthogonal tendons. 

JLajSSU 4 AajIj 5aac-V1 8.7.5.6.2 

dlAldUA Am 8. 7.5. 6.1 ^U^Vl 

.djjL^All 

Where tendons are distributed in one direction and banded in 
the orthogonal direction, this requirement can be satisfied by 
first placing the integrity tendons for the distributed tendon 
direction and then placing the banded tendons. Where 
tendons are distributed in both directions, weaving of 
tendons is necessary and use of 8.7.5.6.3 may be an easier 
approach. 

tiiiblill jju jji i_^ i jlj j\ (ja R8.7.5.6.2 

^ (jji d.labu^j 

, ^IAjVI JLa^VI 

J5t^ iajAil pLLIujI tXahuAlj 

8.7.5.6.3 (jjij JSj ijjjjA iliiblSlI jujii ujSj 51S 
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8.7.5.6.3 Slabs with tendons not satisfying 8.7.5.6.1 shall be 
permitted if bonded bottom deformed reinforcement is 
provided in each direction in accordance with 8.7.5.6.3.1 
through 8.7.5.6.3.3. 

Cj51jl£ Cj| j cliUa^UU 8.7.5.6.3 

^ ^ ^ 1^! 8.7.5.6.1 

.8.7.5.6.3.3 u- 8.7.5.6.3.1 


COMMENTARY 

R8.7.5.6.3 In some prestressed slabs, tendon layout 
constraints make it difficult to provide the structural integrity 
tendons required by 8.7.5.6.1. In such situations, the 
structural integrity tendons can be replaced by deformed bar 
bottom reinforcement (ACI 352. IR). 

‘ cjUa5Ull <^R8.7.5.6.3 

8.7.5.6.1 ijj> 

.A ^jia 

(ACI 352.1R). u>-i' £1^1 


8.7.5.6.3.1 Minimum bottom deformed reinforcement As in 
each direction shall be the greater of (a) and (b): 


(> (jjSj tji sUjI Js ^ 65^ 8.7.5.6.3.1 

:MjO) 


(a) A = 


0-37^A„^ 

4 


(b) 


A = 


2.lbJ 

4 


(8.7.5.6.3.1a) 

(8.7.5.6.3.1b) 


where bw is the width of the column face through which the 
reinforcement passes. 

^ j.aj ^.aII bw 

8.7.5.6.3.2Bottom deformed reinforcement calculated in 
8.7.5.6.3.1 shall pass within the region bounded by the 
longitudinal reinforcement of the column and shall be 
anchored at exterior supports. 

^ uj.uia.All ,_jAiuill 4jjia.»ll ^uluilll jAj (ji 8.7.5.6.3.2 

(ji uajj JjAiill ^jkll 9jj.iaa.All AilalAll JaU 8.7.5.6.3.1 

jjtSjll ^ 0.9^ 

8.7.5.6.3.3 Bottom deformed reinforcement shall be 
anchored to develop fy beyond the column or shear cap face. 

JjAxll i_ala fy jjjiall ^jlaal) ^uluull diuTu i_i^ 8.7.5.6.3.3 

.(jaill jlj Aaj jl 
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8.7.6 Shear reinforcement - stirrups 

CiUisli. 8.7.6 

8.7.6.1 Single-leg, simple-U, multiple-U, and closed stirrups 
shall be permitted as shear reinforcement. 

tJJxla i U i u^8.7.6.1 

.Allkd 4|J 

8.7.6.2Stirrup anchorage and geometry shall be in 
accordance with 25.7.1. 

(ji 8.7.6.2 
.25.7.1 

8.7.6.3If stirrups are provided, location and spacing shall be 
in accordance with Table 8.7.6.3. 

ijjij (ji ‘ diULS ^ 8.7.6.3 

.8.7.6.3 


Table 8.7.6.3—^First stirrup location and spacing limits 

.(jIjVl 4iL.ui jjja, — 8.7.6.3 


Direction of 

measurement 

Description of 
measurement 

Marrimnm 

distance or 
spacing, mm 

Perpendicular to column 
face 

Distance from column 
face to first stirrup 

dll 

Spacing between stirrups 

dll 

Parallel to column face 

Spacing between vertical 

Id 

legs of stirrups 


COMMENTARY 

R8.7.6 Shear reinforcement - stirrups—Research (Hawkins 
1974; Broms 1990; Yamada et al. 1991; Hawkins et al. 1975; 
ACI 421.1R) has shown that shear reinforcement consisting 
of properly anchored bars or wires and single- or multiple- 
leg stirrups, or closed stirrups, can increase the punching 
shear resistance of slabs. The spacing limits given in 8.7.6.3 
correspond to slab shear reinforcement details that have been 
shown to be effective. Section 25.7.1 gives anchorage 
requirements for stirrup-type shear reinforcement that should 
also be applied for bars or wires used as slab shear 
reinforcement. It is essential that this shear reinforcement 
engage longitudinal reinforcement at both the top and bottom 
of the slab, as shown for typical details in Fig. R8.7.6(a) to 
(c). 

i Broms 1990 ^ 1974 (liiaj - cjUlill - jtjkjjR8.7.6 
ACI i 1975 Hawkins ^ 1991 oiJ^Wamada 

fjji j41^^421.1R) 

i jl i Cj|j CjULS Jjjj dJJiLLa jl 

^ ^Uajj 8.7.6.3 Qa 

25.7.1 (jiaau .^l*i iluj ,.^1 CjUa5t4l 

j£.ui ijiC’ ija cjUUala 

(jA .CjUa5t4l jl UiajI 

(j.4 

i_f‘\ R8.7.6 (a) ^ ^ jA LiS t 4Ja54h 

UJ%(c). 

Anchorage of shear reinforcement according to the 
requirements of 25.7.1 is difficult in slabs thinner than 250 
mm. Shear reinforcement consisting of vertical bars 
mechanically anchored at each end by a plate or head 
capable of developing the yield strength of the bars has been 
used successfully (ACI 421.IR). In a slab-column 
connection for which moment transfer is negligible, the shear 
reinforcement should be symmetrical about the centroid of 
the critical section (Fig. R8.7.6d). Spacing limits defined in 
8.7.6.3 are also shown in Fig. R8.7.6d and e. At edge 
columns or for interior connections where moment transfer is 
significant, closed stirrups are recommended in a pattern as 
symmetrical as possible. Although the average shear stresses 
on faces AD and BC of the exterior column in Fig. R8.7.6(e) 
are lower than on face AB, the closed stirrups extending 
from faces AD and BC provide some torsional strength along 
the edge of the slab. 

250 CjUa5t4l ^ 25.7.1 CjUUald llSj Cjju 

9jJIA (jaiij jl Aja541l AJa.uljj i_iji9 j£ 

Jij yill (ACI 421.IR). 

AUaUl UjLala ^uLau (ji aHj V 

^ 8.7.6.3 R8.7.6d). (2;jaJl (a>U 

4a^ <UiklAll ili5kidjAl ji LitjiaVI tXaci ^ e. j R8.7.6d ^ 

,^l£aaVl jAA JjLala Jxaj ^ CjJ^ 

^jUll JjaaJl BC J AD ijc. Jl4^j Jaaaijia ijA jaftjll 
^ jjlaAll At'xa'I aliULSlI i AB R.8.7.6 (c) ^ 

.^5Lll AiU Jjla »ja 11 tji*j jijj BC j AD 
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See 25.3 


(a) singk-le^ stirnip or bar 



(h) nmlliple-leg stirrup or bar 




ic) closed slirnips 


Fig. R8.7.6(a)-(c)—Single- or multiple-leg stirrup-type slab shear Reinforcement 

ji ^ R8.7.6 (a) - (c) - 
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^illl 

11 


I ^ 

Elevation 

u 

<2cf 

! 

<(//2 s 

crH 

<ffi 


Column 


Fig.R8.7.6d—Arrangement of stirrup shear reinforcement, interior column. 


jj Fig.R8.7.6d - 
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d 


Fig. R8.7.6e—Arrangement of stirrup shear reinforcement, 
edge column. 

i cjUlUl uujj R,6.7e - 8 


8.7.7 Shear reinforcement - headed studs 


chO 8,7.7 

8.7.7.1 Headed shear stud reinforcement shall be permitted if 
placed perpendicular to the plane of the slab. 

(jlS Ul j^Lulaj 8.7.7.1 


8.7.7.1.1 The overall height of the shear stud assembly shall 
be at least the thickness of the slab minus the sum of (a) 
through (c): (a) Concrete cover on the top flexural 
reinforcement (b) Concrete cover on the base rail (c) One- 
half the bar diameter of the flexural tension reinforcement 


^ (JaVl (jJft £^lijjVI u' 4*^ 8.7.7.1.1 

^Uaall ^1] L^A.a L^jjlxa 

ijlC’ ^Uaxll ijA 

.iUSlII jia&ll ‘ 


R8.7.7 Shear reinforcement - headed studs—Using headed 
stud assemblies as shear reinforcement in slabs requires 
specifying the stud shank diameter, the spacing of the studs, 
and the height of the assemblies for the particular 
applications. Tests (ACI 421. IR) 


^jdjO Cjlj - chO R8.7.7 

ijM CjliLuiAlIj 1 jLuaaII (jL.1 Jai diUa^t^l ^ 

CjljLlkVl ^.4ajj ,44 jxa1| ^ 4 


show that vertical studs mechanically anchored as close as 
possible to the top and bottom of slabs are effective in 
resisting punching shear. 

ija jJi IjiijijlltjiA Sja^jAll 4.^1 jll j^LaaII (ji(ACI 421.IR) 

^jUa ^ ^1x2 CXS^ CjUa^t4l 


The bounds of the overall specified height achieve this 
objective while providing a reasonable tolerance in 
specifying that height, as shown in Fig. R20.6.1.3.5. 
Compared with a leg of a stirrup having bends at the ends, a 
stud head exhibits smaller slip and, thus, results in smaller 
shear crack widths. The improved performance results in 
increased limits for shear strength and spacing between 
peripheral lines of headed shear stud reinforcement. Typical 
arrangements of headed shear stud reinforcement are shown 
in Fig. R8.7.7. The critical section beyond the shear 
reinforcement generally has a polygonal shape. Equations for 
calculating shear stresses on such sections are given in ACI 
421.IR. 


jjA Jj2xa jJ2 ^ JJxaII £^lijjVI IJA 

.R20.6.1.3.5. ^ Ia£ jVl ^aLuj^i 

jLaaaaII ^ c^4ll CjUlSJl ^ ^ AjjI^aILj 

pIjVI ^ 4jk4^i 

^ ^LaaII j ^jHaI d-lljj ^j^axaII 

jLaaaa ^laLaj ^ CjIa^jaII .IjJJ Ch'U J^Iaaa ^aLaj 

jiAuill R7.7.7. ^ JajIaa 

»JA ijlC’ laLaxJ diVJtxAll JJxHa J£aa 
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Fig. R8.7.7—Typical arrangements of headed shear stud reinforcement and critical sections. 


JjjaII ^ CjU^jj RS.7.7 - (3^ 
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8.7.7.1.2 Headed shear stud reinforcement location and 
spacing shall be in accordance with Table 8.7.7.1.2. 


R8.7.7.1.2 The specified spacings between peripheral lines 
of shear reinforcement are justified by experiments (ACI 
421.1R). The clear spacing between the heads of the studs 

tidj AiLuLAj 8.7.7.1.2 

.8.7.7.1.2 


should be adequate to permit placing of the flexural 
reinforcement. 

Table 8.7.7.1.2—Shear stud location and spacing limits 


^ R8.7.7.1.2 

5iLuiAl! tji (ACI 421.IR). 

Aiu.u.aj — 8.7.7.1.2 




Table 8.7.71.2—Shear stud location and spacing 
limits 


Direction 

of mea¬ 
surement 

Description of 
measurement 

Condition 

Maximum 

distauce or 
spacing, mm 

Perpen¬ 
dicular to 

column 

face 

Distance from 

column face to 
first peripheral 
line of shear studs 

All 

dll 

Constant spacing 
between periph¬ 
eral lines of shear 

studs 

Nonpre- 

stressed 

slab with 

Vu<<^54I' 


Nonpre- 

stressed 

slab with 

v„>^.5^ 

dll 

Prestressed slabs con¬ 
forming to 22.6.5.4 

3r//4 

Parallel 

to column 

face 

Spacing between 
adjacent shear 
studs on periph¬ 
eral line nearest 

to column face 

All 

Id 
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8.8—Nonprestressed two-way joist systems 

R8.8—Nonprestressed two-way joist systems 

MLdfiiSI <U^i 8.8 — 

oUi^Sl <UdUy uLociil <MiuiR8.8 - 

8.8.1 General 

8.8.1.1 Nonprestressed two-way joist construction consists of 
a monolithic combination of regularly spaced ribs and a top 
slab designed to span in two orthogonal directions. 

R8.8.1 General—The empirical limits established for 
nonprestressed reinforced concrete joist floors are based on 
successful past performance of joist construction using 
standard joist forming systems. For prestressed joist 
construction, this section may be used as a guide. 

8.8.1 

bu2kJ dt^UloIl 

uL^&Vl iliL^jV .iHuu - ^l£R8.8.1 

A^^La AA^j.a ^ fiJVI JL^VI A.^luiAll 

AjmuIIj, A^l^l uL^Vl A..aiui uL^Vl fUj ^ 

8.8.1.2Width of ribs shall be at least 100 mm . at any 
location along the depth. 


(jlia ^ 100 mm (J 2 VI (jlft tjL^acVi ijaje- aj^ o' 8.8.1.2 

.(3^' (jl® 

8.8.1.3 Overall depth of ribs shall not exceed 3.5 times the 
minimum width. 


Jadl »>, 3.5 jjbJL Vi 8.8.1.3 

.(jijxh 


8.8.1.4 Clear spacing between ribs shall not exceed 750 mm. 


750 mm Vi 8.8 . 1.4 

R8.8.1.4 A limit on the maximum spacing of ribs is required 
because of the provisions permitting higher shear strengths 
and less concrete cover for the reinforcement for these 
relatively small, repetitive members. 

uluju £^!!LdVI jcbiu ^ R8.8.1. 4 

■-.K a. Jai laliL ^LAuij 




CODE 

8.8.1.5 Vc shall be permitted to be taken as 1.1 times the 
values calculated in 22.5. 

.22.5 Cyi 1.1 s Vc (ji 8.8.1.5 

8.8.1.6 For structural integrity, at least one bottom bar in 
each joist shall be continuous and shall be anchored to 
develop fy at the face of supports. 

ijisi u'l ‘ 8.8.1.6 

fy Cx5^ 51*^1 jxa ^ JfiVl 

.»jll 

8.8.1.7 Reinforcement area perpendicular to the ribs shall 
satisfy slab moment strength requirements, considering load 
concentrations, and shall be at least the shrinkage and 
temperature reinforcement area in accordance with 24.4. 

.-.I I'l.i'.' uUdCVI ^ 9XaljU.dl A^LoLa 8.8.1.7 

(jjSj (ji ‘.'yjj 4 ^ 4 

,24.4 4 llsj "* ^1.444.9 JiSh 

8.8.1.8 Two-way joist construction not satisfying the 
limitations of 8.8.1.1 through 

8.8.1.1 6-9 <,^j44J4j V 4ii|j 4jLuaeVI (iUj 8.8.1.8 

8.8.1.4 shall be designed as slabs and beams. 

, 4lilj.9£llj diUajULS g .8.1.4 

8.8.2 Joist systems with structurai fiiiers 

<MUyiSI iy^liSI 8.8.2 

8.8.2.1 If permanent burned clay or concrete tile fillers of 
material having a unit compressive strength at least equal to 
fc^ in the joists are used, 8.8.2.1.1 and 8.8.2.1.2 shall apply 

iiilj 4.AjU ji Aj'jii 4iilj4^ .1,ii ^ 8-8-2-1 

(_j4aj 4 ul.4i^VI fc ' 4 4^1.494.9 jiSh (jlc 4ljWi ,>i;i ^jtL9 9JL9 

.8.8.2.1.2J 8.8.2.1.1 ^I>41 

8.8.2.1.1 Slab thickness over fillers shall be at least the 
greater of one-twelfth the clear distance between ribs and 40 
mm. 

(j.9 (JaVl J^i 4l4lj494aJl (jlfti 4^1-9491 (jjSj (ji 4,4^ 8.8.2.1.1 
40 mm j (j^ ^1994.911 Qa 1/12 

8.8.2.1.2 For calculation of shear and negative moment 
strength, it shall be permitted to include the vertical shells of 
fillers in contact with the ribs. Other portions of fillers shall 
not be included in strength calculations. 

(Jlkjlj ^Ia4941| 4 4^1494!! (J^^l 4^1494^ 8.8.2.1.2 

,uL 4^CjU <t494.9jL9h ■-.Ij.ti.yU Aj99,ijl| 

8.8.3 Joist systems with other fillers 


COMMENTARY 

R8.8.1.5 The increase in shear strength is justified on the 
basis of: 1) satisfactory performance of joist construction 
designed with higher calculated shear strength specified in 
previous Codes, which allowed comparable shear stresses; 
and 2) potential for redistribution of local overloads to 
adjacent joists.. 

(1 :(j4iL44ii (jlft I-* Ifl (^ sJljjll (jl R8.8.1.5 

A^<j‘ .i-v 9 ±ui ijSb j->.999aj'l ul 9 .dCVI ^UVI 

^2 J ^ ^LaaII (Jd^l 4 I 4 UJLL 9 L ^A49J LaA 4 A^L494ll 4l4b^^l 

,»jjl&.9ll 4^l9.dcVI aA-\. 9'! 3^1 jh (IjVja^I tiilcl ^1 £aI 
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8.9— Lift-slab construction 8.9.1 In slabs constructed with 
lift-slab methods where it is impractical to pass the tendons 
required by 8.7.5.6.1 or the bottom bars required by 8.7.4.2 
or 8.7.5.6.3 through the column, at least two post-tensioned 
tendons or two bonded bottom bars or wires in each direction 
shall pass through the lifting collar as close to the column as 
practicable, and be continuous or spliced with full 
mechanical, full welded, or Class B tension splices. At 
exterior columns, the reinforcement shall be anchored at the 
lifting collar. 

■ "i; ^ 8.9.1 3.9 - 

ji 8.7.5.6.1 iliiblS JJ>aJ 

JSj V o' ‘ J8.7.5.6.3 j' 8.7.4.2 -i Cjlkoll 

ji AlajljILall Qa O^' j' ^ O^' 

Ja'iU Jjli u^j ^ 

^ AJ.V t A 44A.at£ A ^ jj 

.^jll duu i_i^ tXaCVI ^B. ji 

8.10— Direct design method 

tUdjJsS.lO - 


8.10.1 General 

8.10.1.1 Two-way slabs satisfying the limits in 8.10.2 shall 
be permitted to be designed in accordance with this section 

8.10.1 

^ ojAtaJiVI di|j diUa^tJl «j-'l 8.10.1.1 

141 £Saj 8 . 10.2 


COMMENTARY 


8.10—Direct design method 

^UjJsS.lO - 

R8.10—Direct design method The direct design method 
consists of a set of rules for distributing moments to slab and 
beam sections to satisfy safety requirements and most 
serviceability requirements simultaneously. Three 
fundamental steps are involved as follows; (1) Determination 
of the total factored static moment (8.10.3) (2) Distribution 
of the total factored static moment to negative and positive 
sections (8.10.4) (3) Distribution of the negative and positive 
factored moments to the column and middle strips and to the 
beams, if any (8.10.5 and 8.10.6). The distribution of 
moments to column and middle strips is also used in the 
equivalent frame method (8.11) 

fjji ja^UaII A^jia ja^UaII A^jlaB8.10 - 

Aujlll dj.aSll j CjUa^t^l ^jj2l JPljllI Qa 

■-'I;"*''-' jdaa-aj ■-'I;''*'*-' 

j>Uji£Sh (2) (8.10.3) 

(jlj j cjL uL jiII jjjjj (3) (8.10.4) 

Jjjjj llaji jjjj. (8.10.6 J 8.10.5) u! “4iLjLSllj 
(8.11 )i# 2 lS-»ll jUaVI ^ JauijVlj 

R8.10.1 General 

R8.10.1.1 The direct design method was developed from 
considerations of theoretical procedures for the 
determination of moments in slabs with and without beams, 
requirements for simple design and construction procedures, 
and precedents supplied by performance of slab systems. 
Consequently, the slab systems to be designed using the 
direct design method should conform to the limitations in 
8 . 10.2 

j»l*R8.10.1 

dil^lj^VI (jA A^jia jJjlaj ^ R8.10.1.1 

CjUllal.aj 1 Cj|j tliUa^LlI ^ JjAaal 

^ ^jia A^ajiAlj i fU4lj 

I ^ ‘ ^ CjUa^t4l A..>lui (JSljaJ (ji cliUa^t^l 

8.10.2 jljll ^ j.uiU.dl A^Jjla 
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8.10.1.2 Variations from the limitations in 8.10.2 shall be 
permitted if demonstrated by analysis that equilibrium and 
geometric compatibility are satisfied, the design strength at 
every section is at least equal to the required strength, and 
serviceability conditions, including limits on deflection, are 
met. 

(> 'j! 8.10.2 (> 8.10.1.2 

jjill i (Jiljjllj ojljjll o' 

^..4.1^1 i JfiVl ^JaLa ^ Aa.4aA.^jll 

,A^jlui.a iilij LaJ t 


R8.10.1.2 It is permitted to use the direct design method 
even if the structure does not fit the limitations in 8.10.2, 
provided it can be shown by analysis that the particular 
limitation does not apply to that structure. For a slab system 
supporting a nonmovable load, such as a water reservoir in 
which the load on all panels is expected to be the same, live 
load limitation of 8.10.2.6 need not be satisfied. 

V bluLS |j| ja^UaII A^jia ^auu]^3.10.1.2 

(ji Jjlajll j^Jaj (ji ia>ij i 8.10.2 

A.iUavilj, A^j^l lilij V 

CjUa^Ull JS ijiC’ J.4^1 ijj$J A^ u'J^ ‘JaIU Jjli 

.8.10.2.6 Ale A^^l A'j.'.yU i_i^ iSljLila 


8.10.1.3 Circular or regular polygon-shaped supports shall be 
treated as square supports with the same area. 

^ Axjj.a jjlSj (Jlii jjlft Aj Uaj'l ji jjlSjll Jjlxj 8.10.1.3 

aU.Att (jmAj 


R8.10.1.3 If a supporting member does not have a 
rectangular cross section or if the sides of the rectangle are 
not parallel to the spans, it is to be treated as a square support 
having the same area, as illustrated in Fig. R8.10.1.3. 


IaI ji JjU'.. .1A ^iai.4 AjLum ^ 'A|R8.10.1.3 

R8 .10.1.3.8. jA t AAiLwiAl! 



Fig. R8.10.1.3—Examples of equivalent square section for 
supporting members. 

jil (aUaciU JJJ- jiaia Ajlai -R8.10.1.3 


8.10.2 Limitations for use of direct design method 

ja^LaII A^jla *1 8.10.2 

8.10.2.1 There shall be at least three continuous spans in 
each direction. 

.slajl JS JaVI (jlft 5 jaIm jjalj ^51j iAIUA Oj^ o' 4*^ 8.10.2.1 


R8.10.2 Limitations for use of direct design method 

JiaaLaII AjA.AA'.tl A^jia *t .it AjA^R8.10.2 

R8.10.2.1 The primary reason for this limitation is the 
magnitude of the negative moments at the interior support in 
a structure with only two continuous spans. The rules given 
for the direct design method assume that the slab system at 
the first interior negative moment section is neither fixed 
against rotation nor discontinuous 

jll ^ Aja.LjiI) ^jxll jA A^l jl' R8.10.2.1 

Aijjlal aUaxdh AClj^l la^ fjjjAltjiA OiJ^ A^u ^ ,_fl^lAll 

V A^I^IaII ajU. .itl ^jaJj ^lal.a ^ (ji j.JuUaI| 

jaIula jI (jIjjaII Aua l^U 
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8.10.2.2 Successive span lengths measured center-tocenter of 
supports in each direction shall not differ by more than one- 
third the longer span 

0- SJuidl jaJi Jljki V 8.10.2.2 


8.10.2.3 Panels shall be rectangular, with the ratio of longer 
to shorter panel dimensions, measured center-tocenter of 
supports, not to exceed 2. 

(jijxll ijl] Jjlall ^ I CliUa!!tJl tjjij (ji 8.10.2.3 

,2 jjtaAj V t j£jaI1 (ja t jUjV 

8.10.2.4 Column offset shall not exceed 10 percent of the 
span in direction of offset from either axis between 
centerlines of successive columns. 

slajl 6^ 10 jjlai Vi 8.10.2.4 

jSIjaII lajia^ (jm (Ja 4.^IjV1 

8.10.2.5 All loads shall be due to gravity only and uniformly 
distributed over an entire panel. 

lais JLa^VI u‘^ 8.10.2.5 

J.alS 


COMMENTARY 

R8.10.2.2 This limitation is related to the possibility of 
developing negative moments beyond the point where 
negative moment reinforcement is terminated, as prescribed 
in Fig. 8.7.4.1.3a 

AajLa ^jxll R8.10.2.2 

a.8.7.4.1.3 


R8.10.2.3 If the ratio of the two spans (long span/short span) 
of a panel exceeds 2, the slab resists the moment in the 
shorter span essentially as a one-way slab. 

(ji^l jaJi / Jjjlall jaJl) '^1 R8.10.2.3 

4^jla£ 1 2 ^5411 

.slauVl 

R8.10.2.4 Columns can be offset within specified limits from 
a regular rectangular array. A cumulative total offset of 20 
percent of the span is established as the upper limit. 

A UU'i,.,^ ^ dXa&Vl ^0! 0^^ R8.10.2.4 

^Ld4 20 ^0! 

R8.10.2.5 The direct design method is based on tests (Jirsa et 
al. 1969) for uniform gravity loads and resulting column 
reactions determined by statics. Lateral loads, such as wind 
or those induced by earthquake, require a frame analysis. 
Inverted foundation mats designed as two-way slabs (13.3.4) 
involve application of known column loads. Therefore, even 
where the soil reaction is assumed to be uniform, a frame 
analysis should be performed. 

(Jirsa et al. 1^04^' >ii4»ll AijJa iltuu R8.10.2.5 

4.^111) dXa&VI 4 JLa^V1969) 

^ 4.A^Ulj lilij ji ^4^^ '4j^<*l-vU 

4^Ljj ^54^ 4 j4 ..^-v jdaVl ^ 

La4j& ^ (13.3.4) 

.jUayi dj'-v' i Jcljj UJ% 


195 








CODE 

COMMENTARY 

8.10.2.6 Unfactored live load shall not exceed two times the 
unfactored dead load. 

R8.10.2.6 In most slab systems, the live-to-dead load ratio 
will be less than 2 and it will not be necessary to check the 
effects of pattern loading. 

Vi 8.10.2.6 

JdA-Nlll Ajaaj (jjSjAu i CiUa!:Ull Aj»^\ ^^axji (_5iR8.10.2.6 
.JalAdVl JdArvI jIjI ^ ^ uJ% U^J 2 <.‘‘uai11 

8.10.2.7 For a panel with beams between supports on all 
sides, Eq. (8.10.2.7a) shall be satisfied for beams in the two 
perpendicular directions 

R8.10.2.7 The elastic distribution of moments will deviate 
significantly from those assumed in the direct design method 
unless the requirements for stiffness are satisfied. 

i ^ 8.10.2.7 

4 J^L^V 1 ^ jaIU a.^j1uw (8.10.2.7a) 

^AaIjlLaII 

(X 

0.2 <^<5.0 (8.10.2.7a) 

dlj ^ JajaA-i Jl*Aj 5 Jjja11 ^jC. cijaAj R8.10.2.7 

dfLui^l CjUl2al« ^ ^ La ^ 

where a^i and are calculated by: 


a,=^ (8.10.2.7b) 

EJ. 

a s 


8.10.3 Total factored static moment for a span 

R8.10.3 Total factored static moment for a span. 

ilMlI ^>all 8.10.3 

>k41 ^1 OMlI (^Im;II ^>ailR8.10.3 

8.10.3.1 Total factored static moment Mo for a span shall be 
calculated for a strip bounded laterally by the panel 
centerline on each side of the centerline of supports. 


IMO ^_^£^LLyuVl 3.10.3.1 

.JjLS^ JSjaII 

R8.10.3.2 Equation (8.10.3.2) follows directly from 

8.10.3.2 The absolute sum of positive and average negative 
Mu in each direction shall be at leas: 

NichoTs derivation (Nichols 1914) with the simplifying 
assumption that the reactions are concentrated along the 

^ ^yiiru^vi 8.10.3.2 

: JflVi Jc. ftbui js 

a 

= ( 8 . 10 . 3 . 2 ) 

8 

faces of the support perpendicular to the span considered. In 
general, it will be expedient to calculate static moments for 
two adjacent half-panels that include a column strip with a 
half middle strip along each side. 

JjSJ 0- (8.10.3.2) R8.10.3.2 

o'* 2^ (1914 

8.10.3.2.1 In Eq. (8.10.3.2), fn is the clear span length in the 
direction that moments are considered, shall extend from 
face to face of columns, capitals, brackets, or walls, and shall 
be at least 0.65f 1. 

^vLoII ^JA (J^ ^J.,^A9l1) 

j£ isAujla 

J JL^\ JjJa >{n ‘. (8.10.3.2) 5dJlx.dl J 8.10.3.2.1 

d±a&VI i dAA&bU *■ ^ 

.(JflVl (jJfr 0.65C1 u* ‘ uU-^' ji ‘ ‘ 


8.10.3.2.2 In Eq. (8.10.3.2), if the transverse span of panels 
on either side of the centerline of supports varies, f2 shall be 
taken as the average of adjacent transverse spans. 
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ijjUaiUll ciliiil ijl .. (8.10.3.2) J 8.10.3.2.2 

.5 jjLa^l 

8.10.3.2.3 In Eq. (8.10.3.2), if the span adjacent and parallel 
to a slab edge is being considered, the distance from edge to 
panel centerline shall be substituted for f2. 

jjLa-di J jMl ^ lil .. (8.10.3.2) J 8.10.3.2.3 

JSjA la^ cijiall (jA ^LaaII JIjjIaiI 4 ^JIjjaIIj 

(2.-J 

8.10.4 Distribution of totai factored static moment 

Jibdll ■ ■•'** |9>|JI ^j^8.10.4 

8.10.4.1In an interior span. Mo shall be distributed as 
follows: 0.65Mo to negative moment and 0.35Mo to positive 
moment. 

ylft Mo (4; ‘ 8.10.4.1 

Mo 0.35 j vILaII f>j*llMo 0.65 

8.10.4.2 In an end span. Mo shall be distributed in 
accordance with Table 8.10.4.2. 

.8.10.4.2 Mo ( 4 ! 4 J 8.10.4.2 

Table 8.10.4.2—Distribution coefficients for end spans 

iJjitAlxA - 8.10.4.2 Jj-l?' 


Table 8.10.4.2—Distribution coefficients for end 
spans 



Exterior 

edge 

unrestrained 

Slab with 

beams 

between all 
supports 

Slab without 

beams between 
interior supports 

Exterior 
edge fully 
restraiued 

Without 

edge 

beam 

With 

edge 

beam 

Interior 

negative 

0.75 

0.70 

0.70 

0.70 

0.65 

Positive 

0.63 

0.57 

0.52 

0.50 

0.35 

Exterior 

negative 

0 

0.16 

0.26 

0.30 

0.65 


COMMENTARY 


R8.10.4 Distribution of total factored static moment 

Jribdll R8.10.4 


R8.10.4.2 The moment coefficients for an end span are based 
on the equivalent column stiffness expressions from Corley 
et al. (1961), Jirsa et al. (1963), and Corley and Jirsa (1970). 
The coefficients for an unrestrained edge would be used, for 
example, if the slab were simply supported on a masonry or 
concrete wall. Those for a fully restrained edge would apply 
if the slab were constructed integrally with a concrete wall 
having a flexural stiffness so large compared to that of the 
slab that little rotation occurs at the slab-to-wall connection. 

For other than unrestrained or fully restrained edges, 
coefficients in the table were selected to be near the upper 
bound of the range for positive moments and interior 
negative moments. As a result, exterior negative moments 
were usually closer to a lower bound. The exterior negative 
moment strength for most slab systems is governed by 
minimum reinforcement to control cracking. The coefficients 
in the table have been adjusted so that the absolute sum of 
the positive and average moments equal Mo. In the 1977 
Code, distribution factors defined as a function of the 
stiffness ratio of the equivalent exterior support were used 
for proportioning the total static moment Mo in an end span. 
This approach may be used in place of values in this 
provision. 

JjAxll »^L4A^ 4llljA^ ijl] Cj^sUlXA AU4 AjK8.10.4.2 

‘Jirsa et al. (1963) ‘ Corley et al. (1961) ^jaliAli 

- ^jlc- 4Jj1a 1| cijiall Cj^lxA *14.^:. ..t ^j^Aj .(1970) 

,^L4aj^ ji ^ AJ^La.u AaAa 4lijl£ iJl 4 JIaaI| 

^ JaLSaa ^LL ^ |j| JaLHIj 4> ,Al.v't liUj 

4^a^ ^ ^ j ^Iaaj^ 

aaAa j\ SjjIa jjkl u^\ Alt^j .lie 

(JA CAJ^L JjA^Ia Cj^ljLA 4 

AaAaII ^jxll ilijlS 4(^111 4 Cu14a 1I j 

Aa^jI^I AaAaII 

^ ^uLaHI Qa diUa^lAh AAlkii 

^^S^IjaaVI Alt (jjS>A ^ Cj^IaaI) JjAIIJ 

JaIj& *t ‘■v*:..A ^ ‘1977 >^.4 Mo. I^Iaaa ^jAilaAAjjAlIj 'fjY* 

■ “I^I^aII Aua'I ^Ia£ sja^aII 

^C^AaII ^).Aua) (j^AJ Mo 

.^£^1 1.^ 0*^ 
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8.10.4.3 Modification of negative and positive factored 
moments by up to 10 percent shall be permitted if the total 
factored static moment for a panel. Mo, in the direction 
considered is at least that calculated by Eq. (8.10.3.2). 
Moment redistribution in accordance with 6.6.5 is not 
permitted. 

^ 10 u^\ 8.10.4.3 

jk j;'" -''I ^ ‘Mo ‘ «Vt |j| ^Ldl 

sJlfib JLAUU V. (8.10.3.2) 4jauiljj JsSll (jlft 

.6.6.5 4 llsj j»>ll 

8.10.4.4 Critical section for negative Mu shall be at the face 
of rectangular supports. 


jjlSjll Aift (.JLjJI Mu jiaLdI ujSj (ji 8.10.4.4 

.‘Ujialwi.dl 


8.10.4.5 Negative Mu shall be the greater of the two interior 
negative Mu calculated for spans framing into a common 
support unless an analysis is made to distribute the 
unbalanced moment in accordance with stiffnesses of 
adjoining elements. 

(jjjlLjdl Mu Cy> JLjdl Mu u' 4*^ 8.10.4.5 


8.10.4.6 Edge beams or edges of slabs shall be designed to 
resist in torsion their share of exterior negative Mu. 

f IjjlVl ciljiai ji A^jiall 8.10.4.6 

jlidl cJUJl j,>ll ^ dljLiu 


8.10.5 Eactored moments in column strips 

juljJi ^ 8.10.5 

8.10.5.1 The column strip shall resist the portion of interior 
negative Mu in accordance with Table 8.10.5.1. 


Mu 0^ ^Jj.axh 4.AAJ.U (ji 8.10.5.1 

.8.10.5.1 ^ 

Table 8.10.5.1—Portion of interior negative Mu in column 
strip 


^ (.JLjdl Mu c> - 8.10.5.1 JjJ*' 


afiti/ii 

/ 2 /A 

0.5 

1.0 

2.0 

0 

0.75 

0.75 

0.75 

>1.0 

0.90 

0.75 

0.45 


Note: Linear interpolations shall be made between values shown. 


R8.10.4.3 This provision permits a reduction up to 10 
percent in negative or positive factored moments, calculated 
in accordance with 8.10.4, provided that the total static 
moment for a panel in the direction considered is not less 
than Mo required by Eq. (8.10.3.2). This is intended to 
recognize a limited amount of inelastic behavior and moment 
redistribution can occur in slabs that are analyzed with the 
direct design method. Moment redistribution as permitted by 
6.6.5 is not intended for use where approximate values for 
moments are used. 


j\ A.uLjl' 1 (ajxll ZlO (_jl! Jooaj (joiiiijj joiAll lAA JtAuijRlO.10.4.3 

^ ‘ 8.10.4 4 luj ‘ 

4.1 th" Mo ^ <U£jj11uVI 

jja aJjAA.a 4;^ ijic. cijalh lAA (8.10.3.2). .^JLi.41 

^ 4ja^ ^ ^jS.ajj UJ-4t 

jtb La£ dJl^l ^1. jo^UaII 4Ajjia *1 i-v*:. 

*t i-v*:.Ill Aj& i4*:..41 \ A 6.6.5 ^ 


R8.10.4.5 The differences in slab moment on either side of a 
column or other type of support should be accounted for in 
the design of the support. If an analysis is made to distribute 
unbalanced moments, flexural stiffness may be obtained on 
the basis of the gross concrete section of the members 
involved. 


ji ijk- AJaiUl ^ lilaiLiiVl Slfilj- <ji^R 8.10.4.5 

jaI ^ bj. 5j^jll -tuort' Ale jll fjM jil (^1 

^laLoh ^Luil ^UaJVI s^Lui^ 0^^ ‘Ajjljla 

^UoaebU ^_^La^Vl 

R8.10.4.6 Moments perpendicular to, and at the edge of, the 
slab structure should be transmitted to the supporting 
columns or walls. Torsional stresses caused by the moment 
assigned to the slab should be investigated. 

bJjA^ ^5t4l AaL ^ 9AaLil4l Jlua (ji ,.«*^R8.10.4.6 
cjUl^Vl 0- (jisill ^lAll ji sAaeSn ij.\ 

R8.10.5 Eactored moments in column strips—The rules 
given for assigning moments to the column strips, beams, 
and middle strips are based on studies (Gamble 1972) of 
moments in linearly elastic slabs with different beam stiff 
nesses tempered by the moment coefficients that have been 
used successfully. Eor the purpose of establishing moments 
in the half column strip adjacent to an edge supported by a 
wall, fn in Eq. (8.10.3.2) may be assumed equal to fn of the 
parallel adjacent column to column span, and the wall may 
be considered as a beam having a moment of inertia, Ib, 
equal to infinity. 

dUaxAll ^ 41^141011 ^jjxl)R8.10.5 

lAlLul ji ijiC’ JOA > j JjAxll JOA ijW QUXlll 

A at':4 A 4 ^ 4jt.i4 ^j,a 4ja^ ^ ^j^(Qtiinblc 1972) 

^Laaj ‘4*.,it AtLoaoh ajAill 

Eq. En A..4J&.14 ^ 

jljlall JjLa-al! Qa £n u^(8.10.3.2) 

Ib ^ ^ cliU d^ J2LJ 

V La ^jLbii.a t 
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8.10.5.2 The column strip shall resist the portion of exterior 
negative Mu in accordance with Table 8.10.5.2. 


Mu (> Cijlia 8.10.5.2 

.8.10.5.2 £Saj 


Table 8.10.5.2—Portion of exterior negative Mu in column 
strip 

^ Mu t>> - 8.10.5.2 JjJ*' 



ft 

/' 2 /A 

0.5 

1.0 

2.0 

0 

0 

1.0 

1.0 

1.0 

>2.5 

0.75 

0.75 

0.75 

>1.0 

0 

1.0 

1.0 

1.0 

>2.5 

0.90 

0.75 

0.45 


Note: Linear interpolations shall be made between values shown, 
pt is calculated using Eq. (8.10.5.2a), where C is calculated using Eq. 
(8.10.5.2b) 


. (8.10.5.2b) c ^ ‘(8.10.5.2a) 




2EI, 

cs s 


(8.10.5.2a) 


C = Z 


/ 


\ 


1-0.63- 

y) 


xV 


(8.10.5.2b) 


8.10.5.3 For T- or L-sections, it shall be permitted to 
calculate the constant C in Eq. (8.10.5.2b) by dividing the 
section, as given in 8.4.1.8, into separate rectangular parts 
and summing the values of C for each part. 


^ c ciul^l uLuiaj ‘ L ji T 8.10.5.3 

tP! ‘ 8.4.1.8 ‘ f»j-iijj(8.10.5.2b) 

C 


8.10.5.4 If the width of the column or wall is at least (3/4)f2, 
negative Mu shall be uniformly distributed across f2. 

‘ (3/4)t2 JaSh ji jj-xll a^jc. cP. (jj 8.10.5.4 

t2.JJft jLjila Ji4u fiUailL Mu 


8.10.5.5 The column strip shall resist the portion of positive 
Mu in accordance with Table 8.10.5.5. 


Jjjall £iaj Mu (‘j*' (ji 8.10.5.5 

.8.10.5.5 

Table 8.10.5.5—Portion of positive Mu in column strip 


^ Mu (>/j?' - 8.10.5.5 Jj-i?' 


a^i/'z/A 

tjfi 

0.5 

1.0 

2.0 

0 

0.60 

0.60 

0.60 

> 1.0 

0.90 

0.75 

0.45 


Note: Linear interpolations shall be made between values shown. 

.Ai-wi .<s...sn ^ :Ai^^ 


R8.10.5.2 The effect of the torsional stiffness parameter pt is 
to assign all of the exterior negative factored moment to the 
column strip, and none to the middle strip, unless the beam 
torsional stiffness is high relative to the flexural stiffness of 
the supported slab. In the definition of pt, the shear modulus 
has been taken as Ecb/2. Where walls are used as supports 
along column lines, 

pt ciib.1^ u!R8.10.5.2 

VI ‘ iaujVI ^ Vj ‘ Jj.«xll 4.a^j.ui 4.^jl.kll AjjIuII 

3^LI^VI ijl] ^l^^ilVI S^Lui^ ilul£ |j| 

'.y*. ,il ^ La.Ajc Kcb / 2. J.alx.a t pt 

iSXaCVI lajlftk Jjia ^jk lajlj^l 

they can be regarded as very stiff beams with an aflf2/f 1 
value greater than 1. Where the exterior support consists of a 
wall perpendicular to the direction in which moments are 
being determined, pt may be taken as zero if the wall is of 
masonry without torsional resistance, and pt may be taken as 

2.5 for a concrete wall with great torsional resistance that is 
monolithic with the slab. 

,1 QM ufl(2 / (1 li^ lAjb3d ijku 

JAA i ^jxll ^ ^^1 dl^VI ^ A.aUj.a jlA^ 

i ^IjlilVI ^jLLa (jjJ ^Lbll jl-^l ul^ lAl jka 
^ ^^Ijlll A..ajli.u ^Luijk jIa^ ^ 2.5 (j^\ Akjj Q\ 
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CODE 

8.10.5.6 For slabs with beams between supports, the slab 
portion of column strips shall resist column strip moments 
not resisted by beams. 


fi'J^ 8.10.5.6 

,Cj|j.aSll V 45^1 

8.10.5.7 Factored moments in beams 

^ 8.10.5.7 

8.10.5.7.1 Beams between supports shall resist the portion of 
column strip Mu in accordance with Table 8.10.5.7.1. 


on (ji 8.10.5.7.1 

.8.10.5.7.1 Mu 

Table 8.10.5.7.1—Portion of column strip Mu in beams 


^ fije (ja f.j^ - 8.10.5.7.1 



Distribution coefficient 

0 

0 

>1.0 

0.85 




Note: Linear interpolation shall be made between values 
shown. 

,iVl ;Aj^!La 

8.10.5.7.2 In addition to moments calculated according to 
8.10.5.7.1, beams shall resist moments caused by factored 
loads applied directly to the beams, including the weight of 
the beam stem above and below the slab. 

J UIH ‘ 8.10.5.7.1 -1 AiUiVb 8.10.5.7.2 


8.10.6 Factored moments in middle strips 

^ 8.10.6 


8.10.6.1 That portion of negative and positive factored 
moments not resisted by column strips shall be 
proportionately assigned to corresponding half middle strips. 

IAA 4^ ^ AjmuII ^ 8.10.6.1 

,^^^.4x1) V ^ ^ 


8.10.6.2 Each middle strip shall resist the sum of the 
moments assigned to its two half middle strips. 


A A.4jUa AJxwjjIa A.xjj.44 JS 8 .10.6.2 


8.10.6.3 A middle strip adjacent and parallel to a 
wallsupported edge shall resist twice the moment assigned to 
the half middle strip corresponding to the first row of interior 
supports. 


COMMENTARY 


R8.10.5.7 Factored moments in beams—Loads assigned 
directly to beams are in addition to the uniform dead loadof 
the slab; uniform superimposed dead loads such as the 
ceiling, floor finish, or assumed equivalent partition loads; 
and uniform live loads. 


9ja£1| 9j^Ua Auxa'I JIaxVI - 9jaSII ^ Axa^aII ^jxllR8.10.5.7 

9.^x,w9A A^IjIa Aa^ JIaxI i Ca^I JaxJI ^LJaVlA 

( ^A L.9jJXa1| ^1£aI| ^a^a^aII JIaxI ji A^^jVl fi^Al ji ‘ 99. .At 

AaoIsaIa A^ JIaxIj 

All of these loads are normally included with qu in Eq. 
(8.10.3.2). Line loads applied directly to beams include 
partition walls over or along beam centerlines and additional 
dead load of the projecting beam stem. 

JaxJI JIaxI jAAAiij qu. (8.10.3.2). j-* JIaxSII 9j* Js ^ 

ji jaII lajixx Jjla ji (jjS jAx 9ja£1| 9jaaL^ 

AJs^aaII 9ja£ 1| A^LJal Aa^ ^^^axj 

Concentrated loads include posts above or hangers below the 
beams. Eor the purpose of assigning directly applied loads, 
only loads located within the width of the beam stem should 
be considered as directly applied to the beams. The effective 
width of a beam as defined in 8.4.1.8 is solely for strength 
and relative stiffness calculations. Line loads and 
concentrated loads located on the slab away from the beam 
stem require consideration to determine their apportionment 
to slab and beams. Also refer to R8.10.5. 

^jiajxl, 9jA£il JLaI CaI&Iaaa jI clilSjULa 9j£jaI1 JLaxVI 

o^j^ Jxb JLaxVI i9JaaIu AaIuIsa JLaxI (JA^ 

jA Ia£ 9^)aS1I Jlxilj ^j^jxll, 9^)A£lj JaaI^ A^aIxA SjA^lj 

JLaxVI AAllali, AaaaaaII '■f-l ■ "-^'1 j 9jih laLaaxI la^ jA 8.4.1.8 AAxa 

^ jl^l 9 ja£ 1| ^ lA^ Aja^L Axil^l 9 J^jaII JLaxVIj AjIaA'1 

R8.10.5.1^i txlj. AjAiA 


R8.10.6 Eactored moments in middle strips—Refer to 
R8.10.5. 

R8.10.5.t^! - AiaAAjAAll jaIjaaII ^ Saxaaia j»je R8.10.6 











CODE 

uijlill ^ Ajkuijll j»jlii ij\ 8.10.6.3 

JjHaII A^jJi ‘ S.^i' ..'I ‘ 

jjl£jll ^ JjVI t 


8.10.7Factored moments in columns and walls 

»A«cVI 8.10.7 


8.10.7.2 At an interior support, columns or walls above and 
below the slab shall resist the factored moment calculated by 
Eq. (8.10.7.2) in direct proportion to their stiffnesses unless a 
general analysis is made. 

Jiijiij (jjs (jlji»A»ftVI fjlij o'l 4*^ ‘ j 8.10.7.2 

^ (8.10.7.2) ‘.'J* 

^ ^ ‘"Af-l . .i-vU 

= 0.07[(g£, + 0.5<7i„)^2^„2 _ ^^;4'(4')2] (8.10.7.2) 

where qDu^ , £2^ , and €n^ refer to the shorter span. 

.jj^l jjiaii {n J t2 ' j qDu ' 


8.10.7.3 The gravity load moment to be transferred between 
slab and edge column in accordance with 8.4.2.3 shall not be 
less than 0.3Mo. 

AjaiL jll JSj Vi 8.10.7.3 

0.3Mo Cf- 8.4.2.3 4 llij <^jJa 


8.10.8 Factored shear in slab systems with beams 

cj |jjil ^ A.dlui ^ 9Jx...aall 8.10.8 


COMMENTARY 


R8.10.7 Factored moments in columns and walls Design and 
detailing of the reinforcement transferring the moment from 
the slab to the edge column is critical to both the 
performance and the safety of flat slabs or flat plates without 
edge beams or cantilever slabs. 

t jfxj (jl»X>cVI j>jJ*4R8.10.7 

ijM Jil I jj>\ jlall u^l ijj> ^Jxll JiL ^aII 

ji ^jla 9j.9^ UJA a-v1i..ia'i ^IjlSh ji a-vU-.ia'i ^USh 

_ A2j£L^5Ij 


It is important that complete design details be shown in the 
construction documents, such as concentration of 
reinforcement over the column by closer spacing, or 
additional reinforcement. 

JLa ‘“A .1A ^ AialSlI 

^Ulal jl i CjliluLAlj 

R8.10.7.2 Equation (8.10.7.2) refers to two adjoining spans, 
with one span longer than the other, and with full dead load 
plus one-half live load applied on the longer span and only 
dead load applied on the shorter span. 

(8.10.7.2) R8.10.7.2 

A2t.4aVtj AlalS Aj^ t 

J.^V1 


R8.10.7.3 Analyses of slab systems indicate that the relative 
stiffnesses of the slab, beams, and column influence the 
amount of moment transferred to the support under gravity 
load conditions, but only over a narrow range. For typical 
slab configurations, a realistic upper limit between the values 
provided in Table 8.10.4.2 for unrestrained and fully 
restrained edge conditions is 0.3Mo. 

^ AJaiUU Ai^l J iJjUaiUl A.4ali CjiUaj jj4ijR8.10.7.3 

cijjla ^ jll ij\\ Ajjilall ^Jxll jljia jjjj j 

CjUa^t4j AjajuIIj, 4 A^Jl^l 

»J jljll JaJi (jjSj iA^jjAill 

IVIO.0.3 J.al£lb Ajaj^Aallj saAoII A^jia 8.10.4.2 

R8.10.8 Factored shear in slab systems with beams—The 
tributary area for calculating shear on an interior beam is 
shown shaded in Fig. 8.10.8.1. If the stiffness of the beam 
aflf2/fl is less than 1.0, the shear on the beam may be 
obtained by linear interpolation. In such cases, the beams 
framing into the column will not account for all of the shear 
force applied to the column. The remaining shear force will 
produce shear stresses in the slab around the column that 
should be checked in the same manner as for flat slabs, as 
required by 8.10.8.3. Sections 8.10.8.1 and 8.10.8.2 do not 
apply to the calculation of torsional moments on the beams. 
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8.10.8.1 Beams between supports shall resist the portion of 
shear in accordance with Table 8.10.8.1 caused by factored 
loads on tributary areas in accordance with Fig. 8.10.8.1. 

tiila fijlij (ji 8.10.8.1 

AajLHI 8.10.8.1 

.8.10.8.1 

Table 8.10.8.1—Portion of shear resisted by beam 


SjaS Aiiuiljj (> j?' - 8.10.8.1 Jj'i?' 

Table 8.10.8.1—Portion of shear resisted by beam 



Distribution coefficient 

0 

0 

>1.0 

1.0 


Note: Linear interpolation shall be made between values 
shown. 

.AjaII ijM JL>£luVI 



Fig. 8.10.8.1—Tributary area for shear on an interior beam. 

^ oaill ASJila - 8.10.8.1 .J^' 

8.10.8.2 In addition to shears calculated according to 
8.10.8.1, beams shall resist shears caused by factored loads 
applied directly to the beams, including the weight of the 
beam stem above and below the slab. 

J . 8.10.8.1 -1 AiLiVL 8.10.8.2 

Ci^j d^)ASll (jjj iillA ^ i Cj|j.4£ll ^jiC’ 


COMMENTARY 

Ailal« Cj|j ^ .!« 8.10.8 

'jj. 8.10.8.1 0^1 uLjiaJ tjUaeVl 

i 1.0 (>a Jai aflt2 / tl jjis 

Ji.2 V iCjyiaJl »j* Ji. iJ. yfilill JUSi^Vl AiaulJJ 5j-ill 

^uHu, AijlaAh iji Jil ^ 

jj.«xh 

^ ujlixa jk LaS tAaJauiAh CjUa!:l^l ^jlall (JaIL 

^jxl\ uLa^. ^Jc. 8.10.8.2 j 8.10.8.1 ul-^' 8.10.8.3 

^jxh ijic: ^j&ii » JA .fiuA* »jAih ijic: 

.SjaSII (JaXJ Cjaa^.a1) 


202 










































CODE 


8.10.8.3 Calculation of required slab shear strength based on 
the assumption that load is distributed to supporting beams in 
accordance with 8.10.8.1 shall be permitted. Shear resistance 
to total Vu occurring on a panel shall be provided. 

8.10.8.3 

Cijlia (»JJ. 8.10.8.1 -1 JaaJi 


COMMENTARY 


8.11 —Equivalent frame method 


8.11.1 General 


<UI^I jUaSI ^jJa 8.11 - 

8 . 11.1 


8.11.1.1 All sections of slabs and supporting members in 
two-way slab systems designed by the equivalent frame 
method shall resist moments and shears obtained from an 
analysis in accordance with 8.11.2 through 8.11.6. 


^ diUa^LlI ^ll.« u' 8.11.1.1 

jUaVI 

.8.11.6 8.11.2 -1 c> j»2 iS^J 

8.11.1.2 Live load shall be arranged in accordance with 
6.4.3. 


.6.4.3 4 liaj cjjjjj 8.11.1.2 


8.11.1.3 It shall be permitted to account for the contribution 
of metal column capitals to stiffness, resistance to moment, 
and resistance to shear. 


^ dXa&Vl (ji 8.11.1.3 


8.11.1.4 It shall be permitted to neglect the change in length 
of columns and slabs due to direct stress, and deflections due 
to shear. 

i_u^ CjUa^Ulj sAocSh Jjla 8.11.1.4 


8.11—Equivalent frame method 

<UI^I jUaSI iiijia 8.11 - 

R8.11—Equivalent frame method The equivalent frame 
method involves the representation of the three-dimensional 
slab system by a series of twodimensional frames that are 
then analyzed for loads acting in the plane of the frames. The 
negative and positive moments so determined at the critical 
design sections of the frame are distributed to the slab 
sections in accordance with 8.10.5 (column strips), 8.10.5.7 
(beams), and 8.10.6 (middle strips). The equivalent frame 
method is based on studies reported in Corley et al. (1961), 
Jirsa et al. (1963), and Corley and Jirsa (1970). Section 
R13.7 of the 1989 Code contains a more detailed description 
of the equivalent frame method. 

jdaVl ^4jjla}^8.11 - 

^ jUjVI ijA 4Aui1u JhuSh ^5t4l 

^jxl) ^ J.a9iJ (Alj Jxj 

ijiC' ^ ^ 

8.10.6 j 8.10.5.7 j cjUls) 8.10.5 4 llij 

^ iljLujIjAll AaIu, CjUlSlI^ 

‘Jirsa et al. (1963) ‘Corley et al. (1961) 
ijc. 1989 JjS (> R13.7 t#i^i). 1970( 

jdaVI A^jlal 
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8.11.2 Equivalent frames 

ijjljUaVl 8.11.2 

8.11.2.1 The structure shall be modeled by equivalent frames 
on column lines taken longitudinally and transversely 
through the building. 

^ Jajiak CjljUal LaIaII *j ... ^ 8.11.2.1 

J^l.k QA U.lki 

8.11.2.2 Each equivalent frame shall consist of a row of 
columns or supports and slab-beam strips bounded laterally 
by the panel centerline on each side of the centerline of 
columns or supports. 

juljAA ji (JA t ijA jUal JS o' 4*^ 8.11.2.2 

ji d.lA&bU ^j£jaI| 

8.11.2.3 Erames adjacent and parallel to an edge shall be 
bounded by that edge and the centerline of the adjacent 
panel. 

d.^ AIuja ^JIjIaIIj djjl.^.All CjljUaVl ClJ^ 8.11.2.3 

^iakllj 

8.11.2.4 Columns or supports shall be assumed to be 
attached to slab-beam strips by torsional members transverse 
to the direction of the span for which moments are being 
calculated and extending to the panel centerlines on each side 
of a column.. 

4jaS|j .5 yiu Atj/a'iA jjlSjll ji siAftVl o' 8.11.2.4 

caLata ^ dl^V Aa^j^lLaa AjjjIa 

,»AaCVI ija JS ijlC’ JIajj 

8.11.2.5 Analysis of each equivalent frame in its entirety 
shall be permitted. Alternatively, for gravity loading, a 
separate analysis of each floor or roof with the far ends of 
columns considered fixed is permitted. 

Jaa^aU oA VAj, A4aI£j ^ISa jUal JS ^aaaj 8.11.2.5 

ciljlaVI ^ ‘ ji (Jjda ci^ ^laaau 

,^1^1 jjAcbU 


8.11.2.6 If slab-beams are analyzed separately, it shall be 
permitted to calculate the moment at a given support by 
assuming that the slab-beam is fixed at supports two or more 
panels away, provided the slab continues beyond the 
assumed fixed supports. 

uLaa^ ^laaaij 1 d'AAalA J£a^ 9jaS- AJa5tj JaI^ ^ |j| 8.11.2.6 
ji oAila5tA doA^~ Aja^b oi Aaaxa ^J&ll 

.Aa^jaIaII ^5141 jaaaau o' ^ J^' 


COMMENTARY 

R8.11.2 Equivalent frames—Application of the equivalent 
frame to a regular structure is illustrated in Eig. R8.11.2. The 
three-dimensional building is divided into a series of two- 
dimensional frame bents (equivalent frames) centered on 
column or support centerlines with each frame extending the 
full height of the building. The width of each equivalent 
frame is bounded by the centerlines of the adjacent panels. 
The complete analysis of a slab system for a building 
consists of analyzing a series of equivalent (interior and 
exterior) frames spanning longitudinally and transversely 
through the building. The equivalent frame consists of three 
parts: 1) the horizontal slab strip, including any beams 
spanning in the direction of the frame; 2) the columns or 
other vertical supporting members, extending above and 
below the slab; and 3) the elements of the structure that 
provide moment transfer between the horizontal and vertical 
members. 

jUaVl jAjki R.8.11 8 - ^liAll caI jUaVl R8.11.2 

CaIJa£ ^ A'aa'aA JUaVI <^51a ^.f'All -tAAtij. ^liAll 

CJ£ja ia^^iak ji A,^a& (Aa21£a CAljUalj AUaVI ^Iaa jtlaVl 

^liA jUaj JS (jijC. JaA. ^jliAll JaIHI g^liAjiU jUaVl JS ^ fC-jil 
ijIaaI^ ^51a JaIHI ajjLaAll ^^IaU LaaijII lajlak Qa 

(A^jl^lj A^Jklallj A 4 k A\t CjljUaVl (JA AUaIaa JaI^ (jA 
^51 a Qa ^1£a 1| jdaVl tJA j^j 

‘ jUaVl alajl J1 «j »>.S (iUj Iaj i^Sh AJaiUl ^^OaS (1 
JkAiij Aluj t Cj^^Axl) Aa&IaII fiUa&VI (jA ji dAA&VI2) 

^lAAaeVI (jAj (Jii jjjj ja^Iac (3 J ■ ^51a1I 



Eig. R8.11.2—Definitions of equivalent frame. 

.J,\1a1\ jUaVl uLjhu. R8.11.2 - (JSAill 
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8.11.3 Slab-beams 


^ - Cilj-S 8.11.3 


8.11.3.1 The moment of inertia of slab-beams from the 
center of the column to the face of the column, bracket, or 
capital shall be assumed equal to the moment of inertia of the 
slab-beam at the face of the column, bracket, or capital 
divided by the quantity (1 - c2/f2)2, where c2 and f2 are 
measured transverse to the direction of the span for which 
moments are being determined. 


j»Je u' 4*^ 8.11.3.1 

^ ^Ij j\ ji ijl] 

^Ij jl 4 dj.aS - 

jaJl sLaJi'i; {2 J C2 etna. 4 (1 _ c2/t2)2 




8.11.3.2 Variation in moment of inertia along the axis of 
slab-beams shall be taken into account. 

Jjaj Jjla Ijk. JJ.4^1 ^ 8.11.3.2 

,4iii 


8.11.3.3 It shall be permitted to use the gross crosssectional 
area of concrete to determine the moment of inertia of slab- 
beams at any cross section outside of joints or column 
capitals. 

^I.u4.« "I; ^l..>.4j4ll 4_i^ 8.11.3.3 

jjli jft £^Uaa ^ Ajaib - 5j.«il 


8.11.4 Columns 


8.11.4 


8.11.4.1 The moment of inertia of columns from top to 
bottom of the slab-beam at a joint shall be assumed to be 
infinite. 

u^\ sAaciU jjA^I j»je (ji 4^ 8.11.4.1 

La dip 4ja^Ull - 

8.11.4.2 Variation in moment of inertia along the axis of 
columns shall be taken into account. 

jjaj JjJa ^ jjA^l ^ Liilii'ill 9l*l>a 8.11.4.2 

.SiacSn 

8.11.4.3 It shall be permitted to use the gross crosssectional 
area of concrete to determine the moment of inertia of 
columns at any cross section outside of joints or column 
capitals. 

^LaA.'t ^iJklAAilj ^LaiAAAh 4 - 1 ^ 8.11.4.3 

ji jA.aU. 4 ll Jjlk Jft £^Uaa ^ Jj.axll ^lill jjA^l'l Jj.Aalll 

,J^j.axll ^Ij 


COMMENTARY 


R8.11.3 Slab-beams 


^ - Sj-S R8.11.3 


R8.11.3.1 A support is defined as a column, capital, bracket, 
or wall. A beam is not considered to be a support member for 
the equivalent frame. 

ji j\ ju (jAiij ji j^jAic aLII ijk- SjjSjll flj R8.11.3.1 

,^lS.4ll jUa^ jaCJ jA^g 9j.4£ll jfixj V. 


R8.11.4 Columns—Column stiffness is based on the length 
of the column from mid-depth of slab above to mid-depth of 
slab below. Column moment of inertia is calculated on the 
basis of its cross section, taking into account the increase in 
stiffness provided by the capital, if any. If slab-beams are 
analyzed separately for gravity loads, the concept of an 
equivalent column, combining the stiffness of the slab-beam 
and torsional member into a composite element, is used. The 
column flexibility is modified to account for the torsional 
flexibility of the slab-to column connection that reduces its 
efficiency for transmission of moments. The equivalent 
column consists of the actual columns above and below the 
slab-beam, plus attached torsional members on each side of 
the columns extending to the centerline of the adjacent 
panels, as shown in Fig. R8.11.4. 

Ja^t^ laAiAijla (_}.ag ^ Jjla s^Laa^ Xajxj Jj.aaAl - 9.9.agVIR8.11.4 

ly, uLaaj^I tUJl Aia^sUh yji 

S^Laaa^ ^ tJljJh jU^VI ^ ^ 4^.1 jxll ^Ljii ijiC: 

jAAatU JIa^ 9 jjS Jala^ ^ o! ‘ LhI^ 

‘ .y ^A4.vj a^^I^aaII J^^aaxII 9A *t 4 .v*a. .it JLa^V 

J^JaaxII Ajjj.a JjJaJ ^ jAiiaxlIj 9 j.a£ 1| 4ja!!t4l 

J^ ^ J]^ -.l^^AAg JL^V ^JJaaII jjAyA^ 

4 ^^ - 9Jaa£1) JLiaaIj AtjUalt aXagVl 4 >a ^1£aa 11 J^^Aaxlj 

9J1a.a 1| iXagSh ijM J^ ^Liagi ^LaaVL 

R.11.11.4.J^^1 jA LaS 49jjl.^^l laAAi^l lak 
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8.11.5 Torsional members 

8.11.5 

8.11.5.1 Torsional members shall be assumed to have a 
constant cross section throughout their length consisting of 
the greatest of (a) through (c); 

ilulj ^laLa Cjlldl ja^UxII oi oijiL 8.11.5.1 

:(S) (') t> t> as^ 

(a) A portion of slab having a width equal to that of the 
column, bracket, or capital in the direction of the span for 
which moments are being determined, (b) For monolithic or 
fully composite construction, the portion of slab specified in 
(a) plus that part of the transverse beam above and below the 
slab, (c) The transverse beam in accordance with 8.4.1.8. 

sLajI jlj ji (jjijill ji (jij*J 'Uailj ^ ^(i) 

ji ^ 

ijM ^ ^ UJ% 

8.4.1.8 4 llij Aj*iajxll liltAjailJl JLjiij (jjS Aj*iajxll 

8.11.5.2 Where beams frame into columns in the direction of 
the span for which moments are being calculated, the 
torsional stiffness shall be multiplied by the ratio of the 
moment of inertia of the slab with such a beam to the 
moment of inertia of the slab without such a beam 

^ ^ lilt jUai ^ 8.11.5.2 

,i IJA UJAj Aja^sUh ^IaII aaAA 


COMMENTARY 



Fig. R8.11.4—Equivalent column (column plus torsional 

members) 

(^Lic-Vl (^1 AiLaVL Jj.4aJl. R8.11.4 - 

R8.11.5 Torsional members—Calculation of the stiffness of 
the torsional member requires several simplifying 
assumptions. If no transverse beam frames into the column, a 
portion of the slab equal to the width of the column or capital 
is assumed to be the torsional member. If a beam frames into 
the column, L beam or T-beam action is assumed, with the 
flange or flanges extending from the face of beam a distance 
equal to the projection of the beam above or below the slab 
but not greater than four times the thickness of the slab; refer 
to 8.4.1.8. Furthermore, it is assumed that no torsional 
rotation occurs in the beam over the width of the support. 
The member sections to be used for calculating the torsional 
stiffness are defined in 8.11.5.1. Studies of three dimensional 
analyses of various slab configurations suggest that a 
reasonable value of the torsional stiffness can be obtained by 
assuming a moment distribution along the torsional member 
that varies linearly from a maximum at the center of the 
column to zero at the middle of the panel. The assumed 
distribution of unit twisting moment along the column 
centerline is shown in Fig. R8.11.5. An approximate 
expression for the stiffness of the torsional member, based 
on the results of three dimensional analyses of various slab 
configurations (Corley et al. 1961; Jirsa et al. 1963; Corley 
and Jirsa 1970), is given as: 

iic- j^4cR8.11.5 

^ CjljUaj lilUA ^ lAl CjLJaljjfil 

til j* (jjiijll ji JjAxll (jijft ^59 CjA 

^ ‘T-beam ^ji L >^ a 

ji dj.4£ll A^Lum dj.4£ll A^j aIaj ji Ai^ 

iAIau A«jji ^ Jiui 

5^ iJaj V Aji (jijiij iiiUj .8.4.1.8 

1^ ..I <A*. ,ii .'j. .1 jiLuiSVI ^ (JjS 

iIiLul jaII .8.11.5.1 uLui^ 

ij^\ I 5'*A 

Jjia J5tk ijM A.>^ 

A^^dxh ‘ ^ A^l ^ 1 S''Aj 

IjlSi J^a&l (jdjlLdl ‘ 

^$.>.^1 ja*^ R.8.11.5. Aj.>x 1| Jak 
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8.11.6 Factored moments 

8.11.6 

8.11.6.1 At interior supports, the critical section for negative 
Mu in both column and middle strips shall be taken at the 
face of rectilinear supports, but not farther away than 
0.175£1 from the center of a column. 

JVlu fc.ii'bjill jki ^ i JjlSjh ^ 8.11.6.1 

jijA qa 0.17511 Cfi- 

8.11.6.2 At exterior supports without brackets or capitals, the 
critical section for negative Mu in the span perpendicular to 
an edge shall be taken at the face of the supporting element. 

jii fn (ji 4 jlj ji <,^8.11.6.2 

.» jll 

8.11.6.3 At exterior supports with brackets or capitals, the 
critical section for negative Mu in the span perpendicular to 
an edge shall be taken at a distance from the face of the 
supporting element not exceeding one-half the projection of 
the bracket or capital beyond the face of the supporting 
element. 

Iki ^ (ji i_i^ 1 jlj ji (jjiljaVl ^ jjisjll Ale 8.11.6.3 

^ Mu ^ ^JaLdl 

yll jlill ji (jjijill (jijft 4 V c^aII ^1a11 QA 

8.11.6.4 Circular or regular polygon-shaped supports shall be 
assumed to be square supports with the same area for 
location of critical section for negative design moment. 

(jjiij ^ J Aa'Jajltj ^^1 a 11 jjlSjll (ji (jijjL 8.11.6.4 

(jAAAj,ajl\ ^jall AjAall 


Fig. R8.11.5—Distribution of unit twistingmoment along 
column centerline AA shown in Fig. R8.11.4 

AA Aj^l 4 ,a4. rt'U Jak Jjia ^ (iljjll »A^j fciJjJ. R8.11.5 - 

R.8.11.44ji*24ll 

R8.11.6 Factored moments 

5A«...<i»h R8.11.6 

R8.11.6.1 through R8.11.6.4 These Code sections adjust the 
negative factored moments to the face of supports. For 
exterior supports with brackets or capitals, the adjustment is 
modified to limit reductions in the negative moment. Figure 
R8.10.1.3 illustrates several equivalent rectangular supports 
for use in establishing faces of supports for design with 
nonrectangular supports. 

^jxl\ »AA Ajill R8.11.6.4 t>l^R8.11.6.1 

^ A^il ^ 4A^^.axll ^Ij ji ^ 4^J,444 i4.\Ij 

ijA JjAall R.10.10.1.3 43^.4^! ^ jjl£jll 

^ *ja.>4'4U AjA^ ^ a! 4A'4. ..y a UI.i'4. .ia\I ^t£^| 

A UU'4. .1 
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8.11.6.5 Where slab systems within limitations of 8.10.2 are 
analyzed by the equivalent frame method, it shall be 
permitted to reduce the calculated moments in such 
proportion that the absolute sum of the positive and average 
negative design moments need not exceed the value obtained 
fromEq. (8.10.3.2). 

R8.11.6.5 This provision is based on the principle that if two 
different methods are prescribed to obtain a particular 
answer, the Code should not require a value greater than the 
least acceptable value. Due to the long satisfactory 
experience with designs having total factored static moments 
not exceeding those given by Eq. (8.10.3.2), it is considered 
that these values are satisfactory for design if applicable 

8.10.2 UjUa^l ^ La.lIC' 8.11.6.5 

. (8.10.3.2).^>^^J^) O'* ^ 4.a^I 

limitations are met. 

(i iflA/a j ^ AjL lift .iiUAAj R8.11.6.5 

^ Ji^i Aa^ 4 AL&A 

^jxJj ^ A^^ja ALjia Aa^I 

8.11.6.6 It shall be permitted to distribute moments at critical 
sections to column strips, beams, and middle strips in 
accordance with the direct design method in 8.10, provided 
that Eq. (8.10.2.7a) is satisfied. 

A (8.10.3.2) V Ja1j*J 1 ^^<LdjLuAl 

flijluil ^ IjI A;^ja 

4 ^ ^ 8.11.6.6 

^ 8.10 4 CjIjaIIIj 

(8.10.2.7a) uJ^ o' 


CHAPTER 9-BEAMS 


i4il>a&l - 9 

9.1 —Scope 

JUI9.1 

R9-BEAMS 

OjA^I R9- 

R9.1—Scope 

9.1.1 This chapter shall apply to the design of nonprestressed 
and prestressed beams, including: (a) Composite beams of 
concrete elements constructed in separate placements but 
connected so that all elements resist loads as a unit (b) One¬ 
way joist systems in accordance with 9.8 (c) Deep beams in 
accordance with 9.9 

J14IR9.1 

R9.1.1 Composite structural steel-concrete beams are not 
covered in this chapter. Design provisions for such 
composite beams are covered in AISC 360. 

AiA^aaaII IJA 9.1.1 

^ ililjAill ^ Iaj 4 

JIa^VI jA^UaJl Al»»ala A ^Ija 

J AAiaxII 4liljAill 9.8 C5^ dl^Vl Aa^u! 

9.9 

A^jaII - ^Luuj^l djAill jA^ill IIa VR9.1.1 

,4^ja 11 SjAil! ^.oAA-aiH ^ikiAISC 360 

9.2—General 

,»U1|9.2 

R9.2—General 

,aUll R9.2 

9.2.1 Materials 

^1^19.2.1 


9.2.1.1 Design properties for concrete shall be selected to be 
in accordance with Chapter 19. 


,19 jLu^l 9.2.1.1 


9.2.1.2 Design properties for steel reinforcement shall be 
selected to be in accordance with Chapter 20. 


^ (jSIjjI! ^lAwuII Aa^I^I ^aa4^21| jLu^I ^ 9-2-2-2 

.20 J-iih 
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9.2.1.3 Materials, design, and detailing requirements for 
embedments in concrete shall be in accordance with 20.7. 


^ cljUlIalAl Q\ 9.2.1.3 

.20.7 -1 £Saj 


9.2.2 Connection to other members 


(iLicVb 9.2.2 


9.2.2.1 For cast-in-place construction, beam column and 
slab-column joints shall satisfy Chapter 15. 


- i AjaaIIL 9.2.2.1 

,15 SjaS 


9.2.2.2 For precast construction, connections shall satisfy the 
force transfer requirements of 16.2. 


a^aaUL 9.2.2.2 
.16.2-1 tiaj Sjil) Ji: 


9.2.3 Stability 

9.2.3 

R9.2.3 Stability 

jljiiu-Vl R9.2.3 

9.2.3.1 If a beam is not continuously laterally braced, (a) and 
(b) shall be satisfied: (a) Spacing of lateral bracing shall not 
exceed 50 times the least width of compression flange or 
face, (b) Spacing of lateral bracing shall take into account 
effects of eccentric loads. 

R9.2.3.1 Tests (Hansell and Winter 1959; Sant and 
Bletzacker 1961) have shown that laterally unbraced 
reinforced concrete beams, even when very deep and narrow, 
will not fail prematurely by lateral buckling, provided the 
beams are loaded without lateral eccentricity that causes 
torsion. 

i J ( ^)a1u1A La_uL^ dJA^l ^ Gl 9.2.3.1 

ijM 50 Vi (^) 

ij^ —(^)- AiA^ JiVI 

.4.jjSja JIa^STI jLjCVI 

Sant ■ (Hansell and Winter 1959 R9.2.3.1 

4aJaaa1i SjAili (jiand Bletzacker 1961) 

U** Ja^ ^ 4 ^ULll (JjSj La.ll& 4 

<Jjl jaIIIj uaI d±4&Vl ^ Ja ja^ 4 f 

Laterally unbraced beams are frequently loaded eccentrically 
or with slight inclination. Stresses and deformations by such 
loading become detrimental for narrow, deep beams with 
long unsupported lengths. Lateral supports spaced closer 
than 50b may be required for such loading conditions 

^ r J^A^ AJsjIjIIaII dJA^Il ^ 1.4 

djLd d.^ JjiA^I A^Uil CjUja^Ij (JjIlajLial) ^ua^ 

A^l^l A^jaxJ) AJja^I 

.dlft JjA&ll) 50 0^ d.^UlAl) 
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9.2.3.2 In prestressed beams, buckling of thin webs and 
flanges shall be considered. If there is intermittent contact 
between prestressed reinforcement and an oversize duct, 
member buckling between contact points shall be considered. 

jikih i ^^ 9.2.3.2 

JL.^1 JIUA |j|, Ukll 

lalij ijM jJaxh 


9.2.4 T-beam construction 


T - 9>9^1 (iUj 9.2.4 


9.2.4.1 In T-beam construction, flange and web concrete 
shall be placed monolithically or made composite in 
accordance with 16.4. 


Ukll t X - 9j.aih ^LL ^ 9.2.4.1 

,15.4 4 MSj.a flL jl 


9.2.4.2 Effective flange width shall be in accordance with 
6.3.2. 


.6.3.2 9jiill (jio"' 4 *^ 9.2.4.2 

9.2.4.3 For T-beam flanges where the primary flexural slab 
reinforcement is parallel to the longitudinal axis of the beam, 
reinforcement in the flange perpendicular to the longitudinal 
axis of the beam shall be in accordance with 7.5.2.3. 

^5141 X - 9j.9£ll I4xll 9.2.4.3 

I4adl Akwil) ^ ^ * in I'.)!! 

.7.5.2.3 4 tSaj uk- 

9.2.4.4 For torsional design according to 22.7, the 
overhanging flange width used to calculate Acp, Ag, and pep 
shall be in accordance with (a) and (b): (a) The overhanging 
flange width shall include that portion of slab on each side of 
the beam extending a distance equal to the projection of the 
beam above or below the slab, whichever is greater, but not 
greater than four times the slab thickness, (b) The 
overhanging flanges shall be neglected in cases where the 
parameter Acp2/pcp for solid sections or Ag2/pcp for hollow 
sections calculated for a beam with flanges is less than that 
calculated for the same beam ignoring the flanges. 

(ji i 22.7 4 jxubdillj (3^x4 L>^ 9.2.4.4 

j (ti) 4 t^j pep j ^Ag ^ Acp ‘.1 Sjjl4l 14x11 4.4411 
j£ 4jal:14l (jja 41j 9 jjl 4 l 44411 (jia jC Ja4j (ji (i)(b)t 
JXajjI jI 3.5^ 9J.41I 4jjlMi.a 4£lMi.a ,laj dj.411 t.41.^ (jjt <.41^ 

4ja5t4l L4lx4ai 4xjji Qji j4i (jj 4 (jilj t j4i ‘ ^5141 

Acp2 / pep 1x9x41 1^4 (jjij iiiVtxJl ^ 9 jjUll 4i41l JL>A I i_i^ 
4 i 4 cj |4 d^> 4 l ^lali41 Ag2 / pep j'l 4441 ^1x1141 

,14x11 4i411 44a^ ‘-9* dj4ll ^ja^i^ 41 iiUj 3*9 14^ 


COMMENTARY 


R9.2.3.2 In post-tensioned members where the prestressed 
reinforcement has intermittent contact with an oversize duct, 
the member can buckle due to the axial prestressing force, as 
the member can deflect laterally while the prestressed 
reinforcement does not. If the prestressed reinforcement is in 
continuous contact with the member being prestressed or is 
part of an unbonded tendon with the sheathing not 
excessively larger than the prestressed reinforcement, the 
prestressing force cannot buckle the member. 

3^L41 ^4a 411 4ux 3 ^^^ 4411 pl4a&Vl R9.2.3.2 
3 ^ ‘ Lil^)4Vl j4axll 3 ^. 9 j i oversize duet ^ i 4 M 514 a 

^4a411 (3.9XJ V l4j4j 3 I o^-9j 4^ t ^j^^^4l 4l^.^Vl 

u 4 ^ 39 I .41 ^c44ill l4l, 4^ ■vyt 3^1.41 

sheathing ^ ^JxjI jla jk 44 ^jx jx jl 4l^.^Yl 4t,ujj 

4 j 4 ^ 3^*94 V ' 4 ^ yyt 3^1941 ^44111 3*9 ix,^ka »,* ,^41 (J94 

,j4xxJl cilj41 

R9.2.4 T-Beam construction 

X- 9>941 (alL R9.2.4 

R9.2.4.1 For monolithic or fully composite construction, the 
beam includes a portion of the slab as flanges. 

aj4ll J44 j i tkalSlb t4>»ll ji (^4UV1 (lUall (_jll 4^3 2-10-4-1 

, 14x11 4i411 4la5l4l 3*9 ^ ijk 


R9.2.4.3 Refer to R7.5.2.3. 

R7.5.2.3.t^l! t#^j9R.9.2.4.3 


R9.2.4.4 Two examples of the section to be considered in 
torsional design are provided in Fig. R9.2.4.4. 


^ ^lj45tl ■'■99*11 ^ 44 jl41j. .1 ^lll ^JxLall 3:411a ^4^1 ^ 4.2.9.4 

R.9.2.4.4.JS411 

/iaS4h, 

t, h +9h. SS +«S. 


bw 
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/' /la 
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Fig. R9.2.4.4—^Examples of the portion of slab to be 
included with the beam for torsional design. 

*^■'■99*1 aj.941 ^ 41ia4aj ^ 3*9 4llai .R9.2.4.4 - d^All 
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9.3—Design limits 

[ftta nill 9.3 - 

9.3.1 Minimum beam depth 

Jai 9.3.1 

9.3.1.1 For nonprestressed beams not supporting or attached 
to partitions or other construction likely to be damaged by 
large deflections, overall beam depth h shall satisfy the limits 
in Table 9.3.1.1, unless the calculated deflection limits of 

9.3.2 are satisfied. 

ji V 9.3.1.1 

^ J.uaj fUj jl cjl&Uaaj 

^ ^ La i 9.3.1.1 dj.a£ll 

.9.3.2 uj.uia.dll tji^l JjJa 

Table 9.3.1.1—Minimum depth of nonprestressed beams 

4.1uiid Ci \jdiU (_}.ac Jai — 9.3.1.1 


Support condition 

Minimum 

Simply supported 

me 

One end continuous 

*18.5 

Both ends continuous 

*21 

Cantilever 

*8 


[l]Expressions applicable for normalweight concrete and fy 
= 420 MPa. For other cases, minimum h shall be modified in 
accordance with 9.3.1.1.1 through 9.3.1.1.3, as appropriate. 

. / fy = 420 MPa J uLiill ^ iilj^[l] 

9.3.1.1.1 4 taaj h aall JjJxj i jjaVI diVtall A,.udl'lj 

jiUaiaVl uuaa. 1 9.3.1.1.3 

9.3.1.1.1 For fy other than 420 MPa, the expressions in Table 

9.3.1.1 shall be multiplied by (0.4 + fy/700). 


Jj-iaJl ujai I 420 MPa fy AjuilL 9.3.1.1.1 

.(0.4 + fy/700) 9.3.1.1 

9.3.1.1.2 For nonprestressed beams made of lightweight 
concrete having wc in the range of 1440 to 1840 MPa, the 
expressions in Table 9.3.1.1 shall be multiplied by the 
greater of (a) and (b): (a) 1.65 - 0.003wc 

(b) 1.09 

fjji ^ju/adll Aljuid CjljdSAI A-ud.t.\lj 9-3-1-1-2 

ujJaj 1 1440 to 1840 MPa t>> wc Ifl <,^1 uJj^' 

j (') 0 ^ 1-1-3-9 

1.65 - 0.003WC (i) 
1.09 (v) 

9.3.1.1.3 For nonprestressed composite beams made of a 
combination of lightweight and normalweight concrete, 
shored during construction, and where the lightweight 
concrete is in compression, the modifier of 9.3.1.1.2 shall 
apply. 


COMMENTARY 

R9.3—Design limits 

[ftitainill R9.3 - 

R9.3.1 Minimum beam depth 

SjdiU Jai R9.3.1 

R9.3.1.1 For application of this provision to composite 
concrete beams, refer to R9.3.2.2. 

4 4^^Luijkll tilljdill ^i^l lift (jj.Ja'il R 9 .1.1.1 

R.9.3.2.2.V-illl tjll 


R9.3.1.1.1 The modification for fy is approximate, but 
should provide conservative results for typical reinforcement 
ratios and for values of fy between 280 and 550 MPa. 

(J ‘ fy Jjjxill JXJ R9 .3.1.1.1 

550 J 280 tjjSjj dJljXdll ^;4uull c^UdiVI 4jal^Id 

MPa 


R9.3.1.1.2 The modification for lightweight concrete is 
based on the results and discussions in ACI 213R. No 
correction is given for concretes with wc greater than 1840 
kg/m^ because the correction term would be close to unity in 
this range. 

djUiaLlftllj ^1 Qjjll R9.3.1.1.2 

1840 (> jjSi wc ±».jj V ACI 213R. 

.(jUaill lift ijj> ujja jtjauaiUl (jVkg/m^ 
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^ i ^^u^il\lj 9.3.1.1.3 

t ^ t ^LujAll ijM ^j.> 

JjJiLUl (Jjjiaj i iauSa ^ ^Luj^l UJ^ LaAjCj 

.9.3.1.1.2 

9.3.1.2 The thickness of a concrete floor finish shall be 
permitted to be included in h if it is placed monolithically 
with the beam or if the floor finish is designed to be 
composite with the beam in accordance with 16.4. 

AxJaj ^ Ij| h 9.3.1.2 

Cifij dj.alll ^ ^MU,AA (jlS Ij| jl dj.aSll ^ 

.16.4 -1 

9.3.2 Calculated deflection limits 

‘.'j'"'^9.3.2 

9.3.2.1 For nonprestressed beams not satisfying 9.3.1 and for 
prestressed beams, immediate and time-dependent 
deflections shall be calculated in accordance with 24.2 and 
shall not exceed the limits in 24.2.2. 

9.3.1 V A6u.,a ^^u.iii*v\lj 9-3-2-1 

dj.aluLAljj i jL^Vl A6u.,a 

.24.2.2 SJjljh Jjlaaj 'ij 24.2 4 tiajll 

93.2.2 For nonprestressed composite concrete beams 
satisfying 9.3.1, deflections occurring after the member 
becomes composite need not be calculated. Deflections 
occurring before the member becomes composite shall be 
investigated unless the precomposite depth also satisfies 
9.3.1. 

A6u.,a Cj|j.a£ll 9.3.2.2 

Jxj uLui^ i_i^ V ‘ 9.3.1 

^ La ^ 

.9.3.1 L4aj| La (jSj 


COMMENTARY 


R9.3.2 Calculated deflection limits 

R9.3.2 


R9.3.2.2 The limits in Table 9.3.1.1 apply to the entire depth 
of nonprestressed composite beams shored during 
construction so that, after removal of temporary supports, the 
dead load is resisted by the full composite section. 

J.l£ ^ 9.3.1.1 Jj^l ^ sjjljll 3^R9 .3.2.2 

kiljl .lu i ' aLlill aUji AA±uiM 'Cj£^).a]l S^>a£]l 

^faLall dl^l Cojl^ ^ ( Aj^yall 

In unshored construction, the beam depth of concern 
depends on if the deflection being considered occurs before 
or after the attainment of effective composite action. 
Additional deflections due to excessive creep and shrinkage 
caused by premature loading should be considered. This is 
especially important at early ages when the moisture content 
is high and the strength is low. 

^(jlS iJl La d^).aSll Ajuxj 4 

i_uaau A.^Lial ji^l Jlxlh 

A^j ijlC' jk IJA, ^411 (j^LoijVlj iiiljh 

Uijj.a ^j'4-v a QjSj La.Ia& djS^I jLo&Vl ^ 

_ A ,>ia.v;a SjaIIj 

The transfer of horizontal shear by direct bond is important if 
excessive deflection from slippage is to be prevented. Shear 
keys provide a means of transferring shear but will not be 
engaged until slippage occurs. 

Ul Lo^ \ ja \ Sja^UaII 

Jill ^uLLa jSjJ, ^jLdl cil^4a 

.(jVjjl ijllj 
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9.3.3 Reinforcement strain limit in nonprestressed beams 

R9.3.3 Reinforcement strain limit in nonprestressed beams 

ilaljAill ^ Jj.1^ Jlxiji 9.3.3 

^ JIxIjI .1^ R9.3.3 

9.3.3.1 For nonprestressed beams with 

Pu < O.lOfc^ Ag, f t shall be at least 0.004. 

R9.3.3.1 The effect of this limitation is to restrict the 
reinforcement ratio in nonprestressed beams to mitigate 
brittle flexural behavior in case of an overload. This 
limitation does not apply to prestressed beams 

£ t‘ Pu <0.10fc'Ag 5 -» AiiuL. j^l 9.3.3.1 

.JaVI ^ 0.004 u' 4*^ 

^L;A4.iuIl Aja^uj jib R.9. 3.3.1 

V, ^ 0^4^) pLl^Vl ^ ^ iAa.-v.AU 

9.3.4 Stress limits in prestressed beams 


^ 9.3.4 


9.3.4.1 Prestressed beams shall be classified as Class U, T, or 

C in accordance with 24.5.2. 


J C T j't U 9.3.4.1 

.24.5.2 


9.3.4.2 Stresses in prestressed beams immediately after 
transfer and at service loads shall not exceed permissible 
stresses in 24.5.3 and 24.5.4. 


Jxj cIiIjaSII ^ V'l 9.3.4.2 

.24.5.4 j 24.5.3 *4^ hi^\ JU^i JaHI 


9.4—Required strength 

iu^iall <h»jUll9.4 - 

9.4.1 General 

9.4.1 

R9.4—Required strength 

R9.4 - 

9.4.1.1 Required strength shall be calculated in accordance 
with the factored load combinations in Chapter 5. 


^ tidj 9.4.1.1 

.5 


9.4.1.2 Required strength shall be calculated in accordance 
with the analysis procedures in Chapter 6. 


^ 9.4.1.2 

.6 


9.4.1.3 For prestressed beams, effects of reactions induced 
by prestressing shall be considered in accordance with 
5.3.11. 


A^Ull JU.2VI ^ AJja.11.4 9.4.1.3 

.5.3.11 iLia Aifuw (jft 


9.4.2 Factored moment 

9.4.2 


9.4.2.1 For beams built integrally with supports. Mu at the 
support shall be permitted to be calculated at the face of 
support. 
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9.4.3 Factored shear 

9.4.3 

9.4.3.1 For beams built integrally with supports, Vu at the 
support shall be permitted to be calculated at the face of 
support. 

^ Au^itllj 9.4.3.1 

jll Aaj ijft jll ,_jSVu 

9.4.3.2 Sections between the face of support and a critical 
section located d from the face of support for nonprestressed 
beams and h/2 from the face of support for prestressed beams 
shall be permitted to be designed for Vu at that critical 
section if (a) through (c) are satisfied: (a) Support reaction, in 
direction of applied shear, introduces compression into the 
end region of the beam (b) Loads are applied at or near the 
top surface of the beam (c) No concentrated load occurs 
between the face of support and critical section 

ua . a',, 9.4.3.2 

0^ h / 2 J A.luj.a jjill Ci\ j.«Sll jll Aaj ijA (J ^ 

IaA ^ Vu i_^\ AiU.iii*v\lj iAljj i 

»laj| i jll Jxa Jj (i) Ia! 

^ dj-oiU ^ 

^ (^) djAil! jl jLo^Vl 

Ai^j (jrU 


COMMENTARY 


R9.4.3 Factored shear 

R 9 . 4.3 

R9.4.3.2 The closest inclined crack to the support of the 
beam in Fig. R9.4.3.2a will extend upward from the face of 
the support reaching the compression zone approximately d 
from the face of the support. If loads are applied to the top of 
the beam, the stirrups across this crack need only resist the 
shear force due to loads acting beyond d (right free body in 
Fig. R9.4.3.2a). The loads applied to the beam between the 
face of the support and the point d away from the face are 
transferred directly to the support by compression in the web 
above the crack. Accordingly, the Code permits design for a 
maximum factored shear Vu at a distance d from the support 
for nonprestressed beams and at a distance h/2 for 
prestressed beams. 

R. 4 . 4 . 3 . 2 a A-alcj JjU (_j*i ujsi Jla^R 9 . 4 . 3.2 

QA d Wi^ali:.. ^.aII Qa 

diUlill I »jjA ^ ijiC' JLa^VI ^ jll 

Jij ^ R, 4 . 4 . 3 . 2 a). (j axj La ci ja^jj 

A^^l d AJallllj dj^jll A^j (jM dj.alll A^jIsaI) JLa^Vl 

ijA Ajlll ^LAuu iiiUj ijlC' f'Ujj 

AjJaAaI) ^ d Vu 

‘.R. 3 . 4 . 3 . 2 b iJ h /2 

Aki ^ dAA ^ .d^)ASll ^ ujUL d^aj dka^Vl 

.5 j^jll A4 ^j ^ 


In Fig. R9.4.3.2b, loads are shown acting near the bottom of 
a beam. In this case, the critical section is taken at the face of 
the support. 

^laAAll (JjSa dAA ^ . djA^ll ^ ^lill (jA A^j^l Aa^jjaaII dl-a^Vl 

. » jlt Aaj ijA jk AjilAll ^jaJl 

Loads acting near the support should be transferred across 
the inclined crack extending upward from the support face. 
The shear force acting on the critical section should include 

all loads applied below the potential inclined crack. 

d-jUdl ^ ujaIL d*^ cjV.>A^l d^ ; *jj 

^ AJaUII i_i^ A^j ijA lAjXAd AIaaII 

dA^^-dl d^Lall ^jA A^jJaaII dka^Vl ^Ay ^^>^1 ^JaLdl 


214 





CODE 

COMMENTARY 

Typical support conditions where the shear force at a 
distance d from the support may be used include: (a) Beams 
supported by bearing at the bottom of the beam, such as 
shown in Fig. R9.4.3.2(c) (b) Beams framing monolithically 
into a column, as illustrated in Fig. R9.4.3.2(d) 

Typical support conditions where the critical section is taken 
at the face of support include: (a) Beams framing into a 
supporting member in tension, such as shown in Fig. 
R9.4.3.2(e). Shear within the connection should also be 
investigated and special corner reinforcement should be 
provided, (b) Beams for which loads are not applied at or 
near the top, as previously discussed and as shown in Fig. 
R9.4.3.2b. (c) Beams loaded such that the shear at sections 
between the support and a distance d from the support differs 
radically from the shear at distance d. This commonly occurs 
in brackets and in beams where a concentrated load is 
located close to the support, as shown in Fig. R9.4.3.2(f). 


djd , 

La diAjlMLAl) 

^ LaS i d^ d 

LoS i ^ SjaIIi 4.3.2 (c) (b) 

H R.3.4.3.2 ( 

^ Jawuj 

jA La£ ( AmiJ) ^ djA^) j^Ld La 

Ja^UaII Jib (j^\ ^ LJaji R.4.4.3.2 (e). J^^l 

V 45^1 djA^) 

^ jA La£j AiwidLla ^3^ La£ (l^ia ujllL jl 4»ail} jLo&Vl 

t 4 .\a'naH 5jAili R.4.4.3.2b. J^^l 

^LwiaII .iI& dj^^l (} ^LaaIIj 

J^jaII Ja^I SjaH) dJlfr 1.^ 

R.4.4.3.2 (f).Ji^l jA LaS t (jA 
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Fig. R9.4.3.2a Free body diagrams of the end of a beam. 



Fig. R9.4.S.2b Location of critical section for shear in a 
beam loaded near bottom. 



Fig. R9.4.3.2(c), (d), (e), (f)—Typical support conditions for 
locating factored shear force Vu. 

jjjajJ - (j) j (.A) j (J) j (j) 2-3-4-4 
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9.4.4 Factored torsion 

(iljilVl 9.4.4 

R9.4.4 Factored torsion 

f.) jilVl R4.4.4 

9.4.4.1 Unless determined by a more detailed analysis, it 
shall be permitted to take the torsional loading from a slab as 
uniformly distributed along the beam. 


4 ^ ^ La 9.4.9.1 


9.4.4.2 For beams built integrally with supports, Tu at the 
support shall be permitted to be calculated at the face of 
support. 


4 ^ 9-4-4-2 

AIc. ftjjSjl! Tu 


9.4.4.3 Sections between the face of support and a critical 
section located d from the face of support for nonprestressed 
beams or h/2 from the face of support for prestressed beams 
shall be permitted to be designed for Tu at that critical 
section unless a concentrated torsional moment occurs within 
this distance. In that case, the critical section shall be taken at 
the face of the support. 


*(> d jlaiallj 5 jjSjll Aaj ^ 9.4.4.3 

(JA h / 2 J J^I dllj-olU 

^ La ^ Xu (_^\ 4 Jl^VI 

jIAjI 4^L^) fjk, ^LuiaII pljllVl 

.aj^jll Aaj ^ ^jaJl 


9 . 4 . 4.4 It shall be permitted to reduce Tu in accordance with 
22.7.3. 


.22.7.3 Tu (>> (jAiiaall 2”*^ 9.4.4.4 


9.5—Design strength 

9.5.1 General 

9.5.1 

R9.5—Design strength 

R9.5.1 General 

j»l*R9.5.1 

9.5.1.1 For each applicable factored load combination, 
design strength at all sections shall satisfy cf) Sn > U including 
(a) through (d). Interaction between load effects shall be 
considered. 

(jl i A.l.atlL9.5.1.1 

1Laj C[) Sn ^ U (JSl 4_La.La*-aj]l 

(a) c()Mn > Mu 

(b) 4)Vn > Vu 

(c) c()Tn > Tu 

(d) cjtPn > Pu 

R9.5.1.1 The design conditions 9.5.1.1(a) through (d) list the 
typical forces and moments that need to be considered. 
However, the general condition 4)Sn > U indicates that all 
forces and moments that are relevant for a given structure 
need to be considered. 

liVtaJlj (J) (i) 1-1-1-5 ty> iajj^ jjJj 9-5-1-1 

(|)§ll > XJ Uahd) jiHll 

jl^l ^ 44.all Cj|j J iSJ^^ u') i^\ 
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9.5.1.2 c() shall be determined in accordance with 21.2. 

.21.2 o' (}) 9.5.1.2 


9.5.2 Moment 

9.5.2 

R9.5.2 Moment 

fj*!' R9.5.2 

9.5.2.1 If Pu < O.lOfc^ Ag, Mn shall be calculated in 
accordance with 22.3. 


.22.3 -I tiaj Mn ‘ Pu <0.10fc'Ag 'jj 9.5.2.1 


9.5.2.2 If Pu > O.lOfc^ Ag, Mn shall be calculated in 
accordance with 22.4. 

R9.5.2.2 Beams resisting significant axial forces require 
consideration of the combined effects of axial forces and 
moments. These beams are not required to satisfy the 

.22.4 -i tiaj Mn 4 *'-^ 4 *^ ‘ Pu > O.lOfc'Ag 'j! 9.5.2.2 

provisions of Chapter 10, but are required to satisfy the 
additional requirements for ties or spirals defined in Table 

9.5.2.3 For prestressed beams, external tendons shall be 
considered as unbonded tendons in calculating flexural 
strength, unless the external tendons are effectively bonded 
to the concrete along the entire length. 

22.4.2.1. For slender beams with significant axial loads, 
consideration should be given to slenderness effects as 
required for columns in 6.2.6. 

^ R9.5.2.2 

i 9-5-2-3 

Jajj ^ ^ La ( A»ajlLa uLui^ ^ AJajljla A^jL^} 

^Lbuj^L Uki A^jl^l 

dJA. Ax.4^aI) 

jt A^UbVl iljUlIalall Aji^ t 10 

jLo^VI Aij^l dj-oill AjaauIL, 22 . 4 . 2.1 

9.5.3 Shear 

9.5.3 

. 6 . 2.6 

9.5.3.1 Vn shall be calculated in accordance with 22.5. 


.22.5 4 taij Vn 9.5.3.1 


9.5.3.2 For composite concrete beams, horizontal shear 
strength Vnh shall be calculated in accordance with 16.4. 


o^^' ^ i 4.^L.uj^I (Olj.aSll 4 .jmu11j 9 . 5 . 3.2 

.16.4 4 llaj Vnh 

9.5.4 Torsion 

9.5.4 

R9.5.4 Torsion 

(^'^41 R9.5.4 

9.5.4.1 If Tu < 4>Tth, where Tth is given in 22.7, it shall be 
permitted to neglect torsional effects. The minimum 
reinforcement requirements of 9.6.4 and the detailing 
requirements of 9.7.5 and 9 . 1.63 need not be satisfied. 


-4^ ‘ 22.7 J Tth . Tu < (|)Tth lj! 9.5.4.1 

9 . 6.4 cljUlialAJ . 1 ^ 1 , A^l^^Vl JLoAI AJ 

.I 4 J V 9.7.6.3 j 9.7.5 u- cjUlkbj 


9 . 5 . 4.2 Tn shall be calculated in accordance with 22.7. 


.22.7 4 laij Tn 9.5.4.2 
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9.5.4.3 Longitudinal and transverse reinforcement required 
for torsion shall be added to that required for the Vu, Mu, and 
Pu that act in combination with the torsion. 

jA La ujlkdll fjJa jxllj ^Lual ^ 9.5.4.3 

J-a 'tijSjjll ^ Jaaj ill Pu j Mu J Vu 


R9.5.4.3 The requirements for torsional reinforcement and 
shear reinforcement are added and stirrups are provided to 
supply at least the total amount required. Because the 
reinforcement area Av for shear is defined in terms of all the 
legs of a given stirrup while the reinforcement area At for 
torsion is defined in terms of one leg only, the addition of 
transverse reinforcement area is calculated as follows: 


"'j cjUUaj,! i_iL4aj R 9.5.4.3 

.itlt ^Lo^Vl V La Cjljl£ 

^ ^Loj ^j^illAv 

uLji^ ^ iJaiS (jLoi CjU (ja fitjUt .lIC ^uLollI 

;^Lih fjJaytl] ^uLull ^Lual 


Total 




K s J 


(R9.5.4.3) 


If a stirrup group has more than two legs for shear, only the 
legs adjacent to the sides of the beam are included in this 
summation because the inner legs would be ineffective for 
resisting torsion. The longitudinal reinforcement required for 
torsion is added at each section to the longitudinal 
reinforcement required for bending moment that acts 
concurrently with the torsion. The longitudinal reinforcement 
is then chosen for this sum, but should not be less than the 
amount required for the maximum bending moment at that 
section if this exceeds the moment acting concurrently with 
the torsion. 

^ ujUxoll ^Lial ^ ^lai 

^ d.aiij pU^JVl ^laLa 

V ^uluull jL^I ^ 

|j| ^ LH ujUaAll <U.aill ^ Jsi 

^ cilillj (jl£ 


If the maximum bending moment occurs at one section, such 
as midspan, while the maximum torsional moment occurs at 
another, such as the face of the support, the total longitudinal 
reinforcement required may be less than that obtained by 
adding the maximum flexural reinforcement, plus the 
maximum torsional reinforcement. In such a case, the 
required longitudinal reinforcement is evaluated at several 
locations. 


iji^ iji t ^JaLa ^ Ul 

JS i 5jll i jil ^lia ^ fijsd (y.aaVI JaJi (j' 

Aal& ^ iilij (jA Jii ^jial ^Lo^l (jj$A 

^uLou i ^UajVI ijA 
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9.5.4.4 For prestressed beams, the total area of longitudinal 
reinforcement. As and Aps, at each section shall be designed 
to resist Mu at that section, plus an additional concentric 
longitudinal tensile force equal to Affy, based on Tu at that 
section. 

^ ^iUA.vllj 9-5-4-4 

liUj ^ Mu ^JaLa JS ^ i ApS J As ‘ jtiLjiill 

pUj I Affy 4 CjUaa A^L4al Ajj£ja Am dji ^L4aVtA t 

.jiLdl lillj <^Tu 


9.5.4.5 It shall be permitted to reduce the area of longitudinal 
torsional reinforcement in the flexural compression zone by 
an amount equal to Mu/(0.9dfy), where Mu occurs 
simultaneously with Tu at that section, except that the 
longitudinal reinforcement area shall not be less than the 
minimum required in 9.6.4. 

9.5.4.5 

Mu i Mu / (0.9dfy) ^UaJi 

V pLulyuL i 

.9.6.4 mijUpa'I (jjJVI AaJi (ja Jsi 


COMMENTARY 

R9.5.4.4 Torsion causes an axial tensile force in the 
longitudinal reinforcement balanced by the force in the 
diagonal concrete compression struts. In a nonprestressed 
beam, the tensile force must be resisted by longitudinal 
reinforcement having an axial tensile strength of Affy. This 
reinforcement is in addition to the required flexural 
reinforcement and is distributed uniformly inside and around 
the perimeter of the closed transverse reinforcement so that 
the resultant of Affy acts along the axis of the member. 

djllb ^ Am dji R9.5.4.4 

i_^ AAamm ^Lmj4I| kiAAS CaLaLcA ^ 

Affy. ^aIma (jAjk AmI) dj 2 

J£mia AaaJ^ ^Ia^VI ^LjAmaII u1\ ASUkyiA jA ^uImaII IAA 

Affy ^Ia ^aImaI) tAj.v ^ J^lA 

. JJAm JjJa ijiC: 

In a prestressed beam, the same approach (providing 
additional reinforcing bars with strength Affy) may be 
followed, or overstrength of the prestressed reinforcement 
can be used to resist some of the axial force Affy. The stress 
in the prestressed reinforcement at nominal strength will be 
between fse and Ips. A portion of the Affy force can be 
resisted by a force of ApsAfpt in the prestressed 
reinforcement, where Alpt is the difference between the 
stress that can be developed in the strand at the section under 
consideration and the stress required to resist the bending 
moment at this section. Mu. 

^laImj ^tAAl C AAammII 

^^ammII ^aImaU SAjIjII ^Ia^amI (jSmj ji 4( Affy ^ 

^IamII ^aIm^I ^ (jj%M Affy. dj^l <jkxj 

Affy Cy> ?JmjLLh fps. j fse On AaamVI SjaII Ale 

J* Afpt ^aIma ^ ApsAfpt c>> aIsmIjj 

A^ ^IsAaII ^ djA^^kj (jSmj ^aII 

. Mil ^ ^kAAAll ^ fU^Vl ^jIaaI 

The stress required to resist the bending moment can be 
calculated as Mu/(4)0.9dpAps). For pretensioned strands, the 
stress that can be developed near the free end of the strand 
can be calculated using the procedure illustrated in Fig. 
R25.4.8.3. 

Mu / 4 fU ajVI ^jIaaI cM^^lkAll caLm^ 

j|A11 aL^VI imLm^ iJjftUkAll g^jjAl! 'tAM4!lj((j)0.9dpAps). 

^ ^lAa^b jAliU LAjkll QM tjAjki 

R.4.4.8.3.JS4ai 

R9.5.4.5 The longitudinal tension due to torsion is offset in 
part by the compression in the flexural compression zone, 
allowing a reduction in the longitudinal torsional 
reinforcement required in the compression zone. 

AAkl. ^ kkklb ^IjaIVI (jc ^Ull ^jkll AmII R9.5.4.5 

iM^lkdl ^jkll ^uLma ^ (jkAl&Aj ^uma Laa i ^LkjVI kULklVI 

.kUbklVI AiklA ^ 
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9.5.4.6 For solid sections with an aspect ratio h/bt > 3, it shall 
be permitted to use an alternative design procedure, provided 
the adequacy of the procedure has been shown by analysis 
and substantial agreement with results of comprehensive 
tests. The minimum reinforcement requirements of 9.6.4 
need not be satisfied, but the detailing requirements of 9.7.5 
and 9.7.6.3 apply. 

R9.5.4.6 An example of an alternative design that satisfies 
this provision can be found in Zia and Hsu (2004), which has 
been extensively and successfully used for design of precast, 
prestressed concrete spandrel beams with h/bt > 3 and closed 
stirrups. The seventh edition of the PCI Design Handbook 
(PCI MNL-120) describes the procedure of Zia and Hsu 
(2004). This procedure was experimentally verified by the 
tests described in Klein (1986). 

h/bt ^ 9.5.4.6 

^ 9.6.4 cjUlialol >^1 fliilwil 

9.7.6.3 j 9.7.5 

J Zia 'j* Jlia 0^ R9.5.4.6 

->j.a<.raM jLlai (jJe ^ iHsu (2004) 

^ A14a.u.« j dj.4^1) 

AjuLuil) Ajuial) AUxa!) , CjULiJj j h/bt ^ 3 J 

life o- Jiaal! ^ Hsu (2004). J Zia #^»j?^!PCI (PCI MNL-120) 
.(1986) tin 

9.5.4.7 For solid precast sections with an aspect ratio h/bt > 
4.5, it shall be permitted to use an alternative design 
procedure and open web reinforcement, provided the 
adequacy of the procedure and reinforcement have been 
shown by analysis and substantial agreement with results of 
comprehensive tests. The minimum reinforcement 
requirements of 9.6.4 and detailing requirements of 9.7.5 and 
9.7.6.3 need not be satisfied. 

R9.5.4.7 The experimental results described in Lucier et al. 
(2011a) demonstrate that properly designed open web 
reinforcement is a safe and effective alternative to traditional 
closed stirrups for precast spandrels with h/bt > 4.5. Lucier et 
al. (2011b) presents a design procedure that satisfies this 
provision for slender spandrels and describes the limited 
conditions to which the procedure applies. 

^LidjVl 4^Lyuj^l 9.5.4.7 

AiAl) Jjjj ^ h / bt ^ 4.5 

V 9.7.6.3 j 9.7.5 cjUikul 

f LLlwdVI 

(i 2011) Lucier et al. ^Luli R9.5.4.7 

^AtMj <^1^1 

[l / bt > 4.5. ^ AUxaI) CjUliU Jlaij 

(2011b) 

Ij&Vl ^ ^ jajjA^I 

9 . 6 —Reinforcement limits 

eitliiiill 9.6 - 

R9.6—Reinforcement limits 

Ciitliiiill JjAa R9.6— 

9.6.1 Minimum flexural reinforcement in nonprestressed 
beams 

R9.6.1 Minimum flexural reinforcement in nonprestressed 
beams 

Jl^Vl (laljAill ^ f>^1 9.6.1 

jI^VI i ^ ^ R9.6.1 
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9.6.1.1 A minimum area of flexural reinforcement. As,min, 
shall be provided at every section where tension 
reinforcement is required by analysis. 

R9.6.1.1 This provision is intended to result in flexural 
strength exceeding the cracking strength by a margin. The 
objective is to produce a beam that will be able to sustain 
loading after the onset of flexural cracking, with visible 

^ i Asitiin ^ Jii j^jj 9 6.1.1 

cracking and deflection, thereby warning of possible 
overload. Beams with less reinforcement may sustain sudden 
failure with the onset of flexural cracking. In practice, this 
provision only controls reinforcement design for beams 
which, for architectural or other reasons, are larger in cross 
section than required for strength. With a small amount of 
tension reinforcement required for strength, the calculated 
moment strength of a reinforced concrete section using 
cracked section analysis becomes less than that of the 
corresponding unreinforced concrete section calculated from 
its modulus of rupture. Failure in such a case could occur at 
first cracking and without warning. To prevent such a failure, 
a minimum amount of tension reinforcement is required in 
both positive and negative moment regions. 

sJljj (jll IJA R9 .6.1.1 

JLa^VI djjli ^Uul ^ 

VI IIa jioiMiJ V iUiafrj 

^ jaSI 4 ji %jLa9L4 ^ 

4^jliAll 

Jjl ^ jLa ^ J. 4 U .4 

^ulbuj iilLlA 4(3 a^aI| .jIAjI ^^Ia<u 

.AiaAwJIj ^ 

9.6.1.2 As,min shall be the greater of (a) and (b), except as 
provided in 9.6.1.3. For a statically determinate beam with a 
flange in tension, the value of bw shall be the lesser of bf and 
2bw. 

R9.6.1.2 If the flange of a section is in tension, the amount of 
tension reinforcement needed to make the strength of the 
reinforced section equal that of the unreinforced section is 
approximately twice that for a rectangular section or that of a 

U fUjl4jLj t (tj) j (i) (jA iaJl 05 % oi t-iaj 4 Asmin 9.6.1.2 

^ ^ (JjljAlll AaA.iaIlj. 9 . 6 . 1.3 jA 

. 2bw j bf 0 ^ bw ‘ Ulsdl 

flanged section with the flange in compression. A greater 
amount of minimum tension reinforcement is particularly 
necessary in cantilevers and other statically determinate 
beams where there is no possibility for redistribution of 

0.25J7' 

(a) 

J y 

moments. 

4 Am ^ La ^laLa AJa^ clull {(9 .6.1.2 

iilUA. ^ AAa^ ^ ^jLiLa jl AjaauIIj lillj ^ 

1.4 

(b) —bj 

Jy 

^ (J^4% Aa^I O'* U** cP! 

dJl^V A^lLal A^jj V ^_f%jUA.uVl dj«a£i) 

iOjj 

9.6.1.3 If As provided at every section is at least one-third 
greater than As required by analysis, 9.6.1.1 and 9.6.1.2 need 
not be satisfied. 


jJai. JS ^ As ^ J2 (jtS lit 9 . 6 . 1.3 

.9.6.1.2 j 1.6.1.6 ^ ‘ jA U« 

R9.6.2 Minimum flexural reinforcement in prestressed 
beams 

9.6.2 Minimum flexural reinforcement in nrestressed beams 

i ^ yt-jk.' u-^ /4'^VI R9.6.2 
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9.6.2.1 For beams with bonded prestressed reinforcement, 
total quantity of As and Aps shall be adequate to develop a 
factored load at least 1.2 times the cracking load calculated 
on the basis of fr defined in 19.2.3. 

(ji ^ 9.6.2.1 

(jj) Jsvi 91.2 Aps J As ^ AijaS.'l 

,19.2.3 fl* ^Ujji 

9.6.2.2 For beams with both flexural and shear design 
strength at least twice the required strength, 9.6.2.1 need not 
be satisfied. 

4J& V fC jIJ AjaaHL 9.6.2.2 

.9.6.2.1 f ‘ ijjUxdl Sjill i ,a«,Ja 


9.6.2.3 For beams with unbonded tendons, the minimum area 
of bonded deformed longitudinal reinforcement As,min shall 
be: 

^jVI i Aiajljla Am Cj^l£ 9.6.2.3 

i_i^ i Asmin 4 .^Laa1 

= 0.004^,, (9.6.2.3) 

where Act is the area of that part of the cross section between 
the flexural tension face and the centroid of the gross section. 

AmII f UajI ^IsAaII (jji a\,^LAA Act 

^jaiAll j£jAj 


COMMENTARY 

R9.6.2.1 Minimum flexural reinforcement is required for 
reasons similar to nonprestressed beams as discussed in 
R9.6.1.1. 

Abrupt flexural failure immediately after cracking does not 
occur when the prestressing reinforcement is unbonded (ACI 
423.3R); therefore, this requirement does not apply to 
members with unbonded tendons. 

AAjaaa SjaIU A^Laa ^;4mj Jfil 1^ 9.6.2.1 

R9.6.1.1.<,^ jA 

Muc ^ ^ V LaAjc 4 iaaj V (JIja'iI) 4ija^ jjS ^^liAll 

V *• <41a1 .(ACI 423.3R) aajaaa ^;4mj ^^jaI) 

.^jjjaII jji ijiS’ 


R9.6.2.3 Minimum bonded reinforcement is required by the 
Code in beams prestressed with unbonded tendons to ensure 
flexural behavior at ultimate beam strength, rather than tied 
arch behavior, and to limit crack width and spacing at service 
load when concrete tensile stresses exceed the modulus of 
rupture. Providing minimum bonded reinforcement helps to 
ensure acceptable behavior at all loading stages. 

(ja IajIjIaII ujUaa R9 .6.2.3 

pUajVI <4^^14a 1| ^lAMal ^^jaII ^ JL^VI AAjaaaII dJA^lj 

AaJIj ( lajj fjA V.^ i d^)ASJl 4 m^ 

^jaaII JaIxa iil,^LAl Jaja LaAa& Ja^ Aa& A&IaaIIj 

JjjAaII ^lAua JajijAAlj ^aLaaII Qa ^aVI A^I A&La^. 

Jaaa^I J&Ija ^aa^ ^ 

The minimum amount of bonded reinforcement is based on 
research comparing the behavior of bonded and unbonded 
post-tensioned beams (Mattock et al. 1971). The minimum 
bonded reinforcement area required by Eq. (9.6.2.3) is 
independent of reinforcement fy. 

iajljAAlj ^aImaI) fjA ^aVI AaJI Aa14a^, 

AaJi (Mattock et al. 1971). AaaII axa SiajljiA j SiajljAAll SjaiSII 
Eq. (9.6.2.3) 4JaMljj SajUaaII ^JIamU ^uImUI ^Laa ^ (jjaVI 

fy, ^aLaJ d^AMA 
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9.6.3 Minimum shear reinforcement 

jSi 9.6.3 

9.6.3.1 A minimum area of shear reinforcement, Av,min, 
shall be provided in all regions where Vu > O.ScjtVc except 
for the cases in Table 9.6.3.1. For these cases, at least 
Av,min shall be provided where Vu > c()Vc. 

‘ Avmin ‘ 4.^Lui.a Jsi 9.6.3.1 

^ sj^Ljjlub Vu> 0.5 ({)Vc (jlallAll 

Vu> Uj^jj 1 - 1 ^ i Avmin JiSll »jfl. 9.6.3.1 

(|)Vc 

Table 9.6.3.1—Cases where Av,min is not required if 
0.54) Vc < Vu < 4)Vc 

ijiuis lit Avmin biVU. 9.6.3.1 

0.54) Vc < Vu < 4)Vc 


Beam type 

Conditions 

Shallow depth 

h<250 mm 

Integral with slab 

A < greater of2.5t/or 0.56,„ 
and 

h < 600 mm 

Constructed with steel fiber-reinforced 
normalweight concrete conforming to 
26.4.1.5.1(a), 26.4.2.2(d), and 26.12.5.1(a) 
and with^' < 40 MPa 

k < 600 mm 

and 

One-way joist system 

fit accordance with 9.8 


COMMENTARY 

R9.6.3 Minimum shear reinforcement 

R9.6.3 

R9.6.3.1 Shear reinforcement restrains the growth of inclined 
cracking so that ductility of the beam is improved and a 
warning of failure is provided. In an unreinforced web, the 
formation of inclined cracking might lead directly to failure 
without warning. Such reinforcement is of great value if a 
beam is subjected to an unexpected tensile force or an 
overload. Accordingly, a minimum area of shear 
reinforcement not less than that given by Table 9.6.3.3 is 
required wherever Vu is greater than 0.54) Vc, or greater than 
4)Vc for the cases indicated in Table 9.6.3.1. Research 
(Angelakos et al. 2001; Lubell et al. 2004; Brown et al. 
2006; Becker and Buettner 1985; Anderson 1978) 

^ JjLftll R9.6.3.1 

^ ^ dJ.aSll 

Ul jJ ^;4aaa 21| I.)A (3^^ OJ*^ djA^U.a Ja^I 

.'^0 AxI^a Aa^ dj^ dj.aS ^jAajaj 

9.6 .3.3 jl^l lillj (jC V ^.J.IaJ Qa Ailala 

biVLaJl 4)VC (>> ji ‘ Cjia 4 a».jJ Q.S (>> Vu UJ% 

s Angelakos et al. 2001) cjj^i.9.6.3.1 

Becker and ^ Brown et al. 2006 ^ Lubell et al. 2004 

(Anderson 1978 ^ Buettner 1985 

has shown that deep, lightly reinforced beams, particularly if 
constructed with high strength concrete or concrete having a 
small coarse aggregate size, may fail at shears less than Vc 
calculated from 22.5.5. 

(jA ClulS Ul t ^jl‘ At aja.v aUjIaII AtajA^U ilj|j.aSl| ^| 

djjL^ ^^1 ^Iaajj^I ji ^jI^aII ^Laai^)^! 

.22.5.5 O'® 5jjAAAA«a VC O'® o^^^ (Ja^sj a ^^^1 

Beams subjected to concentrated loads are more likely to 
exhibit this vulnerability. Because of this, the exclusion for 
certain beam types in Table 9.6.3.1 is restricted to cases in 
which h does not exceed 600 mm. For beams where fc^ is 
greater than 48 MPa, consideration should be given to 
providing minimum shear reinforcement if h is greater than 
450 mm. and Vu is greater than 0.54)Vc. The exception for 
beams constructed using steel fiberreinforced concrete is 
intended to provide a design alternative to the use of shear 
reinforcement, as defined in 22.5.10.5, 

.aUIaVI djA^I ®J^J'® Jbft^V AtA.>il.vll cj|^).aSJl ^jlajAj ^ 

9. 6. 3.1 Sj.«ill (jA AIjla £^I^V JIxaIaaiVI ‘IJA uuaauj 

i aUajaaIu (.gi _ 600 mm 14:®^ V jA^Aj 

O'® .1^1 3l£lj.a ‘48 MPa ij» jjSi fc l^ja ,jjSj 

u!4>Vc. 0.5 j» Vu j 450 nun j» h 6^ '^1 jiAaij 

^ -v I. A aU AjIaaj^^^I a! ‘.y*.. .|1 IA^La^I ^ (ji CjIpLajIaajVI 

L>^ ^uIaau .1 ‘-v*...y AjA.AA* Jjjj (j^\ ciUlVI 

‘ 22.5.10.5 JJa- > 
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for beams with longitudinal flexural reinforcement in which 
Vu does not exceed . Chapter 26 specifies design 

information and compliance requirements that need to be 
incorporated into the construction documents when steel 
fiber-reinforced concrete is used for this purpose. 
Fiber-reinforced concrete beams with hooked or crimped 
steel fibers, in dosages as required by 26.4.2.2(d), have been 
shown through laboratory tests to exhibit shear strengths 
greater than (Parra Montesinos 2006). 

There are no data for the use of steel fibers as shear 
reinforcement in concrete beams exposed to chlorides from 
deicing chemicals, salt, salt water, brackish water, seawater, 
or spray from these sources. 

Where steel fibers are used as shear reinforcement in 
corrosive environments, corrosion protection should be 
considered. 
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Joists are excluded from the minimum shear reinforcement 
requirement for 0.5c()Vc < Vu < c()Vc because there is a 
possibility of load sharing between weak and strong areas. 
Even when Vu is less than 0.5c()Vc, the use of some web 
reinforcement is recommended in all thin web, 

J dibllalal Jbulul ^ 

(jlaLlall JaaJI ^ILal dUA 0.54)Vc < Vu < 4)Vc 

‘ 0.5c()Vc Cy> Jsi Vu UJ% 

Aa.4^1 f'\jSaC'\ ijlC’ ^uluull 

ii-Uid&ll Axj La diljjS ^ 

posttensioned members such as joists, waffle slabs, beams, 
and T-beams, to reinforce against tensile forces in webs 
resulting from local deviations from the design tendon 
profile and to provide a means of supporting the tendons in 
the design profile during construction. 

jji jtjLju J iX batj,aS j ) j,aSll j waffle 'tlaiL j 

‘ Jlu ijM A a-v -'ll (jc A,^U1| Ai.a^l ^ 

^ball ^ Aluaij 


If sufficient support is not provided, lateral wobble and local 
deviations from the smooth parabolic tendon profile assumed 
in design may result during placement of the concrete. 

In such cases, the deviations in the tendons tend to straighten 
out when the tendons are stressed. This process may impose 
large tensile stresses in webs, 

ilalAj.4^1 j ujj ijf’ ^uL AS 

pUji ^ jAa.1aI1 Qm Ajt-v a\i 

^ LaAIp ^ .^Lyuj^l 

and severe cracking may develop if no web reinforcement is 
provided. Unintended curvature of the tendons, and the 
resulting tensile stresses in webs, may be minimized by 
securely tying tendons to stirrups that are rigidly held in 
place by other elements of the reinforcement cage. The 
recommended maximum spacing of stirrups used for this 
purpose is the smaller of 1.5h or 1.22 m 

^ Awkll dj^ UajLJa dllt . 

^ 

>^1 (j! j^UC’ 4JaA.uljj 

.1.22 m jil.Sh j*^i jA jill kHiLuLoU 
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. If applicable, the shear reinforcement provisions of 9.6.3 
and 9.7.6. 2.2 will require closer stirrup spacings.. 

For repeated loading of beams, the possibility of inclined 
diagonal tension cracks forming at stresses appreciably 
smaller than under static loading should be taken into 
account in design. In these instances, use of at least the 
minimum shear reinforcement expressed by 9.6.3.3 is 
recommended even though tests or calculations based on 
static loads show that shear reinforcement is not required 

9, 7. 6.2.2 j 9.6.3 iJl 

t AjmuILj , 

.lip UJ^ JjLftll i-.l aa. ^l£.al ^ (ji 

9 JA fjh ^ ..yi lyt jajAl.a Jiaij SauSa 

ul\ a.lUaalA'I ^Lal-\1) CjU'.a*ll ji dlljljJ^VI (ji ^ 9.6.3.3 

.Aj^^llxa diUnal (j^^l ^jluij ^1 ^<^"4';. .yt JLa^^l 
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9.6.3.2 If shown by testing that the required Mn and Vn can 
be developed, 9.6.3.1 need not be satisfied. Such tests shall 
simulate effects of differential settlement, creep, shrinkage, 
and temperature change, based on a realistic assessment of 
these effects occurring in service. 

‘ Ijjllajdl Vn J Mn Cy> uif 'jj 9.6.3.2 

CjljUjkVl 9.6.3.1 

ijiC’ ^LL cjjUlbl 


9.6.3.3 If shear reinforcement is required and torsional 
effects can be neglected according to 9.5.4.1, Av,min shall 
be in accordance with Table 9.6.3.3. 

llSj dllj^b JLoAI ‘ bjUxa ^uluu |j| 9.6.3.3 

.9.6.3.3 ‘ Av u' 4*^ ‘ 9.5.4.1 -1 

Table 9.6.3.3—Required Av,min 


Av,niin jiJiall - 9.6.3.3 


Beam type 

^,nun^^ 


Nonpre stressed 
and prestressed 
with Ap/ic < 
0.4(Aj,Jj^ + A/y) 

Greater of: 

0.062^-^ 

Jyt 

(a) 

0.35-^ 

fy 

(b) 

Prestressed with 
4^/„ > 0.4(Aj,Jj^ 

+ 4/,) 

Lesser of 

Greater of: 

0.062^'^ 

Jyt 

(c) 

0.35-^ 

U 

(d) 

^p^fpu p" 

W,,dib„ 

(e) 


COMMENTARY 


R9.6.3.2 When a beam is tested to demonstrate that its shear 
and flexural strengths are adequate, the actual beam 
dimensions and material strengths are known. Therefore, the 
test strengths are considered the nominal strengths Vn and 
Mn. Considering these strengths as nominal values ensures 
that if the actual material strengths in the field were less than 
specified, or the member dimensions were in error such as to 
result in a reduced member strength, a satisfactory margin of 
safety will be retained due to the strength reduction factor 4>. 

i pl^VI dlUjV dj.a^l jl^^l .^^R9.6.3.2 

ial^ lalljj Aalnill SjaIII .Jliui cijiu 

ii'iA ^jlLa lallj ul\ Mn. j Vn A^auVI tj^l ^ jU^VI ^ 

^ iljUftll lallj dijl£ IjI AjI iUaujVI ^>^1 

^1 ^ jd^tll Jlaji dills ji i ^ Jsi Ji^l 

^jli.4 ialij^VI ‘ “ 1 jd^n.ll 

(j) .(jiuiSIll J.alc 

R9.6.3.3 Tests (Roller and Russell 1990) have indicated the 
need to increase the minimum area of shear reinforcement as 
the concrete strength increases to prevent sudden shear 
failures when inclined cracking occurs. Therefore, 
expressions (a) and (c) in Table 9.6.3.3 provide for a gradual 
increase in the minimum area of transverse reinforcement 
with increasing concrete strength. Expressions (b) and (d) in 
Table 9.6.3.3 provide for a minimum area of transverse 
reinforcement independent of concrete strength and govern 
for concrete strengths less than 30 MPa. Tests (Olesen et al. 
1967) of prestressed beams with minimum web 
reinforcement based on 9.6.3.3 indicate that the lesser of 
Av,min from expressions (c) and (e) is sufficient to develop 
ductile behavior. Expression (e) is discussed in Olesen et al. 
(1967). 

(Roller and RusseU 1990) dijLii jaI R9.6.3.3 

^Luij^l ^ 4 .^Luia1 ^jVI .^I ^1 ^l^l 

dlljjjxlll liillllj, JjLbl bl.i^ ^^Ikbl ^j^ill dlVl^ 

(> (^jVI d»Jl 9.6.3.3 (j) j 

(d) J (b) ^ ^;4 m 1^I Jl^ 

iUilwi.4 ^^.liajjbl ^jl‘ Qji UiJ ^Lii.a 9.6.3.3 

iiiljbl^VI 30 MPa Cy* ^Luj^l ^Luj^l 

g : jk -» '' ' ' l Cy> (jjJVI JaJi jji 9>«^(01esen et al. 1967) 

(c) cjlj^l o- Jai ‘ AV 0- JaVI o' J\ 9.6.3.3 u-'--' 

.(1967) (e) Cli.aj, (JJaII (g) j 

Olesen et al 
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9.6.4 Minimum torsional reinforcement 

R9.6.4 Minimum torsional reinforcement 

JaJi 9.6.4 

(iljiTill jtiluu (> JaJi R9.6.4 

9.6.4.1 A minimum area of torsional reinforcement shall be 
provided in all regions where Tu > cftTth in accordance with 
22.7. 


Jfii 9.6.4.1 

.22.7 Tu > <t)Tth 


9.6.4.2 If torsional reinforcement is required, minimum 
transverse reinforcement (Av + 2At)min/s shall be the 
greater of (a) and (b): 

R9.6.4.2 The differences in the definitions of Av and At 
should be noted: Av is the area of two legs of a closed 
stirrup, whereas At is the area of only one leg of a closed 
stirrup. If a stirrup group has more than two legs, only the 

jjM (jjjVI JaJi (jjSj (ji iijjlla.. Jtjluu ijj 9 . 6 . 4.2 

(b): j (a) (> (Av + 2At) min / s 

legs adjacent to the sides of the beam are considered, as 
discussed in R9.5.4.3. Tests (Roller and Russell 1990) of 
high-strength reinforced concrete beams have indicated the 

(a) 0.062^'^ 

J yt 

need to increase the minimum area of shear reinforcement to 
prevent shear failures when inclined cracking occurs. 
Although there are a limited number of tests of high-strength 
concrete beams in torsion, the equation for the minimum 

(b) 0.35^ 

■J yt 

area of transverse closed stirrups has been made consistent 
with calculations required for minimum shear reinforcement. 

^ At: Av J Av R9.6.4.2 

. ^ ^ ( 3 ^^ (.liULil 

^ ^ 4 CjUlLlj dulS 

iJjjLwil R9.5.4.3. jA La£ 4 dj-oill 

SjaSJI qm RusscU 1990) j(Roller 

^ dJbJ 

^ ( 3 ^ ^ ^ ^3^A4l) (JjUllIl ^ ^iaLoIl 

^uiuuj ^ .IaH 

9.6.4.3 If torsional reinforcement is required, minimum area 
of longitudinal reinforcement Af,min shall be the lesser of 
(a) and (b) 

R9.6.4.3 Under combined torsion and shear, the torsional 
cracking moment decreases with applied shear, which leads 
to a reduction in torsional reinforcement required to prevent 

yjjVl JaJl i jijLjij fjk 9 . 6 . 4.3 

(b)j (a) (> At,min Jjlah 

brittle failure immediately after cracking. When subjected to 
pure torsion, reinforced concrete beam specimens with less 
than 1 percent torsional reinforcement by volume have failed 
at first torsional cracking (MacGregor and Ghoneim 1995). 
Equation 9.6.4.3(a) is based on a 2:1 ratio of torsion stress to 
shear stress and results in a torsional reinforcement 

y yt J yt J Jy 

volumetric ratio of approximately 0.5 percent (Hsu 1968). 
Tests of prestressed concrete beams have shown that a 
similar amount of longitudinal reinforcement is required. 

13^Vl JSj 4 iilji4^! fljilvi lP® R 9.6.4.3 

pljllVl ^ulyuj fjk J-aVI 4 ^3^ixdl ^ 

4^_^ .ilfr. djMiL.4 ^ 

^ j£t pUajVI djAill 

Ghoneim 1995). j (MacGregor Jji 

^ 1 i 2 (i) 9.6.4.3 

^LalL 0.5 3^ fUAjVl ^ 4 JI 4 AVI 

iIjIjLIIaI (1968 3^^) 

(j.a JjL4.a iilUA 
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9.7—Reinforcement detailing 

9.7 - 

9.7.1 General 

9.7.1 

R9.7—Reinforcement detailing 

R9.7 - 

9.7.1.1 Concrete cover for reinforcement shall be in 
accordance with 20.6.1. 


9.7.1.1 
20.6.1. 


9.7.1.2 Development lengths of deformed and prestressed 
reinforcement shall be in accordance with 25.4. 


J CiU^LuIl Jljiai (ji 9.7.1.2 

.25.4 


9.7.1.3 Splices of deformed reinforcement shall be in 
accordance with 25.5. 


.25.5 ^ (jjSj (ji 9.7.1.3 


9.7.1.4 Bundled bars shall be in accordance with 25.6. 


.25.6 i-» (jjSj 9.7.1.4 

R9.7.2 Reinforcement spacing 

jftbj R9.7.2 

9.7.2 Reinforcement spacing 

A^L4.iiAll 9.7.2 


9.7.2.1 Minimum spacing s shall be in accordance with 25.2. 


.25.2 ^ Aiajjla s ^l^Vl jSi (jjij 9.7.2.1 


9.1.2.2 For nonprestressed and Class C prestressed beams, 
spacing of bonded longitudinal reinforcement closest to the 
tension face shall not exceed s given in 24.3. 

R9.7.2.3 For relatively deep beams, some reinforcement 

9.7.2.2 

ujiVl isjIjILftll CjlituMll Vi ^ C O'* 

.24.3 s 

should be placed near the vertical faces of the tension zone to 
control cracking in the web (Frantz and Breen 1980; Frosch 
2002), as shown in Fig. R9.7.2.3. Without such auxiliary 
reinforcement, the width of the cracks in the web may 

9.7.2.3 For nonprestressed and Class C prestressed beams 
with h exceeding 900 mm., longitudinal skin reinforcement 
shall be uniformly distributed on both side faces of the beam 
for a distance h/2 from the tension face. Spacing of skin 
reinforcement shall not exceed s given in 24.3.2, where cc is 
the clear cover from the skin reinforcement to the side face. 

It shall be permitted to include skin reinforcement in strength 
calculations if a strain compatibility analysis is made. 

exceed the crack widths at the level of the flexural tension 
reinforcement.The size of the skin reinforcement is not 
specified; research has indicated that the spacing rather than 
bar size is of primary importance (Frosch 2002). Bar sizes 
No. 10 to No. 16, or welded wire reinforcement with a 
minimum area of 210 mm^. per meter of depth, are typically 
provided. 

"''1 ‘ Aixaxll 4 .j.ui.111jK9. 7.2.3 

7-9-2-3 

jsjj (ji ‘ 900 mm C 6^ 

h/2 AiLuiAl jLwu f UaxI) 

^ s (JjliLwiAl) jjL^^ vi 4^. 

. AjiaaJll) fUaxll jA (;(; ^24.3.2 

^ IjI ^ ^i 

A^^Vl 

jk US i Frosch 2002) ^(Frantz and Breen 1980 AjJiuijll 
:1k R9.7.2.3. 

dil^Vl ^ p.LW*MA 

jjfljj ^ U 5jLc.j (Frosch 2002). jJ 

Jj&j V Iaj i 16 (^! 10 0*^ 

jU Jsl 210 mm^ Cf- 
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9.7.3 Flexural reinforcement in nonprestressed beams 

9.7.3 

9.7.3.1 Calculated tensile or compressive force in 
reinforcement at each section of the beam shall be developed 
on each side of that section. 

ijM ■' JS ^ JaxJall ^ 9.7.3.1 

I (jA dj.aSll 

9.13.2 Critical locations for development of reinforcement 
are points of maximum stress and points along the span 
where bent or terminated tension reinforcement is no longer 
required to resist flexure. 

Jalilllj -^1^! 9.7.3.2 

ji iilUA ^ 


COMMENTARY 


Reinforcement in tension, 
negative bending 



^Skin reinforcement 



Reinforcement in tension, 
positive bending 


Fig. R9.7.2.3—Skin reinforcement for beams and joists with 
h > 900 mm. 

h > 900 j 5j-ill »jiAJ. R9.7.2.3 - 3 

. nun 

R9.7.3 Flexural reinforcement in nonprestressed beams 


^ ^U^VI ^uluu R9.7.3 


R9.7.3.2 In Codes before 2014, one of the critical sections 
was defined as the location where adjacent reinforcement 
terminates or is bent. In the 2014 Code, this critical section is 
redefined as the location, “where bent or terminated tension 
reinforcement is no longer required to resist flexure.” Critical 
sections for a typical continuous beam are indicated with a 
“c” for points of maximum stress or an “x” for points where 
bent or terminated tension reinforcement is no longer 
required to resist flexure (Fig. R9.7.3.2). For uniform 
loading, the positive reinforcement extending into the 
support is more likely governed by the requirements of 
9.7.3.8.1 or 9.7.3.8.3 than by development length measured 
from a point of maximum moment or bar cutoff 

^ jiaLLdI uL>i fd . 2014 JijSSn J R9. 7.3.3.2 

‘ 2014 JjS ji Jtduull 4ji 

dUA Jxj ^ ^JaLdl IJA 

dj.a£f jl jAlj 

^ lalUll iallll ^ 

5J^jll ^la ijjalldl (JjAaJill 'tj*j4HjR9.7.3.2). 

Jjiall u- 9.7.3.8.3 ji 9.7.3.8.1 ^ GjSa-, 

, ^ ba, ^ ..1 a a\1 
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9.7.3.3 Reinforcement shall extend beyond the point at which 
it is no longer required to resist flexure for a distance equal 
to the greater of d and 12db, except at supports of simply 
supported spans and at free ends of cantilevers. 

Cjlixa Jxj ^ ^ Jxji "''I Jlu (ji 9.7.3.3 

t 12db J d 

ijM ciljlaSh jUluVI AJuuu 


Fig. R9.7.3.2—Development of flexural reinforcement in a 
typical continuous beam. 

d^).a£ ^ fU^Vl R9.7.3.2 - 

R9.7.3.3 The moment diagrams customarily used in design 
are approximate; some shifting of the location of maximum 
moments may occur due to changes in loading, settlement of 
supports, lateral loads, or other causes. 

^ A A .1 A\ ^jxU Aj’ijat ^ R9. 7.3.3 

^Jxll ^ i 

, ^ uLajjI jI 4 Aj^4*l-v\t j| 4 jjlSjil 4-i^JJ jl 4 

A diagonal tension crack in a flexural member without 
stirrups may shift the location of the calculated tensile stress 
approximately a distance d toward a point of zero moment. 

cljUlS j.4iaAlj ^ 

Ajaij d ^1.444.9 ‘.'J' Aa^I 

If stirrups are provided, this effect is less severe, although 
still present to some extent. To provide for shifts in the 
location of maximum moments, the Code requires the 
extension of reinforcement a distance d or 12db beyond the 
point at which it is calculated to be no longer required to 
resist flexure, except as noted. Cutoff points of bars to meet 
this requirement are illustrated in Fig. R9.7.3.2. If different 
bar sizes are used, the extension should be in accordance 
with the diameter of the bar being terminated. 

JIJa V AJi jja ^jll 4»A^ Jsi 441 iIaI£ jaSjj ^ lAl, 

AjAaoj A^^I i^\ 

Aiij ^ AJi 4^1 aa 4^ ^ Ajaiill Axjdb 12 ji d ^1 aa4.« ^lAaauII 

AaaIaI ^UajaU lallj jjSA.a ^ La ^IjaIaajIj a^^a^I 

'A at'AA A\t ^uaaaII *1 -v-v 1 ^Ia^aaaiI ^ lAl ,R9.7.3.2. o-illaAll lAA 

^ ^aII ^UaaaII jiall AjAaaII (jl 
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9.7.3.4 Continuing flexural tension reinforcement shall have 
an embedment length at least €d beyond the point where bent 
or terminated tension reinforcement is no longer required to 
resist flexure. 

R9.7.3.4 Local peak stresses exist in the remaining bars 
wherever adjacent bars are cut off in tension regions. In Fig. 
R9.7.3.2, an “x” is used to indicate the point where 
terminated tension reinforcement is no longer required to 
resist flexure. If bars were cut off at this location (the 

Cfi V jaIulaI) AwiI) fU^l 9.7.3.4 

ji ^ulyuj ^ ^ Jxj {(} 

.fUaJVl 

required cutoff location is beyond this point in accordance 
with 9.7.3.3), peak stresses in the continuing bars would 
reach fy at “x”. Therefore, the continuing reinforcement is 
required to have a full fd extension as indicated. 

9.7.3.5 Flexural tension reinforcement shall not be 
terminated in a tension zone unless (a), (b), or (c) is satisfied; 

(a) Vu < (2/3)4>Vn at the cutoff point (b) For No. 36 bars 
and smaller, continuing reinforcement provides double the 
area required for flexure at the cutoff point and Vu < 
(3/4)c()Vn (c) Stirrup or hoop area in excess of that required 
for shear and torsion is provided along each terminated bar 
or wire over a distance 3/4d from the termination point. 
Excess stirrup or hoop area shall be at least 0.41b*s/fyt. 
Spacing s shall not exceed d/(8pb) 

^ luill ciiljjj R9. 7.3.3.4 

"x" ^ i R9.7.3.2J^^1 '^^1 (jlaLla ^ ) jjlV'.ll 

jA Jjlall ix^ AuJi ^uluul Jxj ^ tjLui^ 

^UuiVI Jajkuall ajjj ‘(9.7.3.3 4 ^ Jaji jA 

^alwulj fy fj^\ d^^.aluaAll 

jk La£ fd Jl.^1 J.al£l 

R9.7.3.5 Reduced shear strength and loss of ductility when 
bars are cut off in a tension zone, as in Fig. R9.7.3.2, have 
been reported. The Code does not permit flexural 
reinforcement to be terminated in a tension zone unless 
additional conditions are satisfied. Flexural cracks tend to 
open at low load levels wherever any reinforcement is 
terminated in a tension zone. If the stress in the continuing 
reinforcement and the shear strength are each near their 
limiting values, diagonal tension cracking tends to develop 
prematurely from these flexural cracks. Diagonal cracks are 
less likely to form where shear stress is low (9.7.3.5(a)) or 

ji ji ^ La Ajiala ^ ^ V 9.7.3.5 

f^j (b) 5^^ Vu < (2/3)c|)Vn (') ujSj (j) 

.ilfr ^LuiaI) IjaIuiaj yua\j 36 

(jljIaVl ji tijUllIl jAjl ^ Vu < (3/4) c|)Vn (c) j 

iiliuu ji f SAjI^I 

4.^Luka ji dAil^l (ji fl^Vl Aiaij 3/4d ^L^ 

s •ic-'-iiil Vi .0.41bws/fyt J^Vl Jl^Vl 

.d/(8pb) 

flexural reinforcement stress is low (9.7.3.5(b)). Diagonal 
cracks can be restrained by closely spaced stirrups 
(9.7.3.5(c)). These requirements are not intended to apply to 
tension splices that are covered by 25.5. 

jlaS .lie 3-ajlia (jiliijl ^ R9 7.3.3.5 

in V ,R9.7.3.2. ‘ La£ t ^ ^^11' 

.A^LJal SajjJii ^ ^ La ^ "* Jjill 

Lajji at .>iaA I^tt atj.til 

9.7.3.6 Adequate anchorage shall be provided for tension 
reinforcement where reinforcement stress is not directly 
proportional to moment, such as in sloped, stepped, or 
tapered beams, or where tension reinforcement is not parallel 
to the compression face. 

^^ajaaaII >14^1 A^iaxa 

^UIl ^3^4^) (SajLaII Lo^aA^ 

(jj^AAll, (jjiAAll dAA ^ IJ^\ JjLaII .14^1 

9. 7.3. 5 VLoj^l Jfii ^ 

<aj\1a ^jIaj (b)). 9.7.3.5 fUaJVl ji(a)) 

dAA V, ((^) 9.7. 3. 5) tljUlS ^JjAaaII 

,25.5 <,5^) A4^I cjUlIalAl) 

^laIwuI} V <^0^ AwiJ) UAwilla 9.7.3.6 

ji ^Lol) ^ jlb La£ i ^ 

Ljl^ AaaII CX^ ^ LaAoP ji jj 

.iaULuajVl 

R9.7.3.7 A bar bent to the far face of a beam and continued 

9.13.1 Development of tension reinforcement by bending 
across the web to be anchored or made continuous with 
reinforcement on the opposite face of beam shall be 
permitted. 

there may be considered effective in satisfying 9.7.3.3 to the 
point where the bar crosses the mid-depth of the member. 

jpaljujAj.aill (jift jtJajdl ylj jJajj jk R9. 1.3.3.1 

^ ^Uuall atLaUl 9.7.3.3 lilUA 

Aj]aA.u^l AAa^I 9.7.3.7 

.dj.a^ (^.u^LlaII ^ulwull ^ AiA^ljla jl 
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9.7.3.8 Termination of reinforcement 

9.7.3.8 

9.7.3.8.1 At simple supports, at least one-third of the 
maximum positive moment reinforcement shall extend along 
the beam bottom into the support at least 150 mm., except for 
precast beams where such reinforcement shall extend at least 
to the center of the bearing length. 

JsSlI Jlu (ji i 9.7.3.8.1 

‘ 150 mm JiVI sJjSjH Ji\ Jjla 

l_^\ Jloj 

.JjAaall Jjla jS jj> 


9.7.3.8.2 At other supports, at least one-fourth of the 
maximum positive moment reinforcement shall extend along 
the beam bottom into the support at least 150 mm. and, if the 
beam is part of the primary lateral-load resisting system, 
shall be anchored to develop fy at the face of the support. 

Jl«j (ji 1 9.7.3.8.2 

'jjj ‘ 150 mm JiVI 9>«sll JjJa 

t (Jji 1^5^ Clljl£ 

9.7.3.8.3 At simple supports and points of inflection, db for 
positive moment tension reinforcement shall be limited such 
that I for that reinforcement satisfies (a) or (b). If 
reinforcement terminates beyond the centerline of supports 
by a standard hook or a mechanical anchorage at least 
equivalent to a standard hook, (a) or (b) need not be satisfied, 
(a) fd < (1.3Mn/Vu + fa) if end of reinforcement is confined 
by a compressive reaction (b) fd < (Mn/Vu + fa) if end of 
reinforcement is not confined by a compressive reaction Mn 
is calculated assuming all reinforcement at the section is 
stressed to fy, and Vu is calculated at the section. At a 
support, fa is the embedment length beyond the center of the 
support. At a point of inflection, fa is the embedment length 
beyond the point of inflection limited to the greater of d and 
12db. 

dl) i LiUaxJVI ^jc9.7.3.8.3 

ji jjI£^ j£ja 1| lak .Ixj 

, ((“) ji (i) ijic- Jjlaj - 

J»i jj aLaiIjj jlAuuII lit {d < (1.3Mn / Vu + ta) (') 

jtiLjull ^ lit (b) td < (Mn / Vu + ta) 

^ IVln ^ fjia\JuSaj\ Jj AJsaiIjj 

^laLdl ^ Vu ^ fy •^^■^■*11 ^IsIaII ^ 

jAfa ‘LjUaxjVI AJaij ijft. jll jSjA Jxj (jjijill Jjla ^ {a ‘9j*^jh 

.12dbj d U* LiUaxj'ill Aiaij JXJ l^\ (j-ijill Jjla 


R9.7.3.8 Termination of reinforcement 

juIauII f.\^\ R9.7.3.8 

R9.7.3.8.1 Positive moment reinforcement is extended into 
the support to provide for some shifting of the moments due 
to changes in loading, settlement of supports, and lateral 
loads. It also enhances structural integrity. For precast 
beams, tolerances and reinforcement cover should be 
considered to avoid bearing on plain concrete where 
reinforcement has been discontinued. 


jjJaj juj R9.7.3.8.1 

JLa^VIj ^ cjljJulj cjL^IJVl 

aj. .ia\I 3ja£1! Aa4a111jj, ^L^Vl JLa^VI kaS, 

^jlC’ "''I ^Uakllj tlfljA i_a^ 


R9.7.3.8.2 Development of the positive moment 
reinforcement at the support is required for beams that are 
part of the primary lateral-load resisting system to provide 
ductility in the event of moment reversal. 

^ 5jaSU ijS jll Ale. ^jxll juIauII uJku R9.7.3.8.2 

•?> 


R9.7.3.8.3 The diameter of the positive moment tension 
reinforcement is limited to ensure that the bars are developed 
in a length short enough such that the moment capacity is 
greater than the applied moment over the entire length of the 
beam. As illustrated in the moment diagram of Fig. 
R9.7.3.8.3(a), the slope of the moment diagram is Vu, while 
the slope of moment development is Mn/fd, where Mn is the 
nominal flexural strength of the cross section. 
tjUJal JjAaJl (jAj (jle R9.7.3.8.3 

^jxll ^ dJLjIl (jA iilij 

J£.^l ^ Ia£ , d^)A£ll Jl^ 

o' (ly* ‘ Vu j* 0^1^' Jahka (jla iR9.7.3.8.3 (a) 
AaauVI fjJh ivin ‘ Mu/(d jjh'iA.') ^Jxll 

By sizing the reinforcement such that the capacity slope 
Mn/fd equals or exceeds the demand slope Vu, proper 
development is provided. Therefore, Mn/Vu represents the 
available development length. Under favorable support 
conditions, a 30 percent increase for Mn/Vu is permitted 
when the ends of the reinforcement are confined by a 
compressive reaction. 

The application of this provision is illustrated in Fig. 
R9.7.3.8.3(b) for simple supports and in Fig. R9.7.3.8.3(c) 
for points of inflection. For example, the bar size provided at 
a simple support is satisfactory only if the corresponding bar, 
fd, calculated in accordance with 25.4.2, does not exceed 
1.3Mn/Vu + fa. The fa to be used at points of inflection is 
limited to the effective depth of the member d or 12 bar 
diameters (12db), whichever is greater. The fa limitation is 
provided because test data are not available to show that a 
long end anchorage length will be fully effective in 
developing a bar that has only a short length between a point 
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9.7.3.8.4 At least one-third of the negative moment 
reinforcement at a support shall have an embedment length 
beyond the point of inflection at least the greatest of d, 12db, 
and fn/16. 


jll JaSlI o' 4*^ 9.7.3.8.4 

tn / 16 J 12dbj d C>» iJLlaxjVl Alaii JjLji Jjla 


jl / JjJaJi ija , 

IMn / Vu (iill.ll ‘‘ Vu 

^ 30 ^Liuill ^ (^IjaII jll cijjla Jla ^ .^IHaII jjjIsjII 

•' “'i'* iOlj^J La.il£ IMn / Vu cH 


^ui 

J14J1 ^J Aia^l OiUl* j 11 R9.7.3.8.3 (b) (J li* 
( jwall ) ijjSu V (Jllall ylft .(jjilSjij'i;! laliilR9.7.3.8.3 (c) 

(d ^ ^ JjI^aII (jlS Ul VI .ll£ ^jIaII 

Jlj-11 ta j^Mo / Vu + fa. 1.3 Jj> 4 % V ( 25.4.2 -1 


bar 12 j' d f_flxill LjUaxlVI latil Alt 4_a|j&lul 

i jSjla jbj&VI o^ lIlLll^ll ^ .J^i Wri' ‘(12db) 

Jjjlaj ^ (J.alS Jliij Sll»i Oi%“ jV' 6' ‘^'^V 

i_iUaxll Alall la^ 4.a^j.ui 



End anchorage t. 



1.3M„/V„ -'- 

I^ 


Note: The 1.3 factor Is applicable only if the reaction 
confines the ends of the reinforcement. 

(b) Maximum at simple support 
Maximum effective embedment 



(c) Maximum tu for bars 'a'at point of Inflection 


Fig. R9.7.3.8.3—Determination of maximum bar size 
according to 9.7.3.8.3. 

J liij lOUlsli tf^Vl Jadl : R.9.7.3.8.3 - Js-ill 

.9.7.3.8.3 
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9.7.4 Flexural reinforcement in prestressed beams 

R9.7.4 Flexural reinforcement in prestressed beams 

^ pU^Vl 9.7.4 

jl^Vl a^jaaaI) djAili ^ R9.7.4 

9.7.4.1 External tendons shall be attached to the member in a 
manner that maintains the specified eccentricity between the 
tendons and the concrete centroid through the full range of 
anticipated member deflections. 

R9.7.4.1 External tendons are often attached to the concrete 
beam at various locations between anchorages, such as 
midspan, quarter points, or third points, for desired load 
balancing effects, for tendon alignment, or to address tendon 

9.7.4.1 

vibration concerns. Consideration should be given to the 
effects caused by the tendon profile shifting in relationship to 
the concrete centroid as the member deforms under effects of 
post tensioning and applied load. 

9 . 7 . 4.2 If nonprestressed reinforcement is required to satisfy 
flexural strength, the detailing requirements of 9.7.3 shall be 
satisfied. 

^ djA^j La 4^1&R9.7.4.1 

4 Jalilll ji 4 JaUj 4 ^ 

^ 4.^1 jVl 

jAkxIl djA^ Aj-v AJailll ^ 

R9.7.4.2 Nonprestressed reinforcement should be developed 
to achieve factored load forces. The requirements of 9.7.3 
provide that bonded reinforcement required for flexural 
strength under factored loads is developed to achieve tensile 

flijlwdV ^ulyiu ^ 9.7.4.2 

.9.7.3 -i CjUlkld plLlwdl i f U^Vl 

or compressive forces. 

(3^a^ R9.7.4.2 

9 . 7 . 4.3 Termination of prestressed reinforcement 

dj^ ^jW^U ^j^lj 9.7.3 tljUlkiLa, 

Ui .UW j| iJljudj f U^Vl 

9.7.4.3 


9 . 7 . 4 . 3.1 Post-tensioned anchorage zones shall be designed 
and detailed in accordance with 25.9. 


.25.9 ^jkLla ^ 9.7.4.3.1 


9.7.4.3.2 Post-tensioning anchorages and couplers shall be 
designed and detailed in accordance with 25.8. 


J lidj Awkll 9.7.4.3.2 

.25.8 


9 . 7 . 4.4 Termination of deformed reinforcement in beams 
with unbonded tendons 

R9.7.4.4 Termination of deformed reinforcement in beams 
with unbonded tendons 

AJajjjiLa lui ^ 9.7.4.4 

4Jaj|jlA Sja^I ^ R9.7.4.4 

9.7.4.4.1 Length of deformed reinforcement required by 

9.6.2.3 shall be in accordance with (a) and (b): (a) At least 
fn/3 in positive moment areas and be centered in those areas 
(b) At least fn/6 on each side of the face of support in 
negative moment areas 

R9.7.4.4.1 The minimum lengths apply for bonded 
reinforcement required by 9.6.2.3. Research (Odello and 
Mehta 1967) on continuous spans shows that these minimum 
lengths provide satisfactory behavior under service load and 
factored load conditions. 

4jjlkdl jldl juluull ^Jc. JljJabU JadI (jjlali R9.7.4.4.1 

Q\ 9.6.2.3 * Jjk 9.7.4.4.1 

jkLia In / 3 (i) :(v) J (i) UJ% 

(> t-ij'A Js ^ tn/6 (v) ub 

.a^UaI) 

^ Mehta 1967) j (Odello 4iUjVl j^. 9.6.2.3 J 

4.aJ^1 Ja^ UlkjA l£,jl4A d.^ (j\ dJAlwlAl) 
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9.7.5 Longitudinal torsional reinforcement 

jifcU ^jill 9.7.5 

9.7.5.1 If torsional reinforcement is required, longitudinal 
torsional reinforcement shall be distributed around the 
perimeter of closed stirrups that satisfy 25.7.1.6 or hoops 
with a spacing not greater than 300 mm. The longitudinal 
reinforcement shall be inside the stirrup or hoop, and at least 
one longitudinal bar or tendon shall be placed in each corner. 

fij ‘ 9 . 7 . 5.1 

^ (jljJaSll ji 25 . 7 . 1.6 AilLdl CjUlSJl 

ji (JiU (jjSj (ji . 300 mm Cfi V 

.^IJ JS ^ (JaVI ijc- ji ‘ Jjlall 

9.7.5.2 Longitudinal torsional reinforcement shall have a 
diameter at least 0.042 times the transverse reinforcement 
spacing, but not less than 10 mm. 

0.042 (jft Jsj V jJaa yJjJill jtAuuU ^jSj 9 . 7 . 5.2 

10 mm. Cfi ‘ jcUj i_ibudi 

9.1.53 Longitudinal torsional reinforcement shall extend for 
a distance of at least (bt + d) beyond the point required by 
analysis. 

(bt + d) 4iLjiAl yljlall jlu (ji 9.7.5.3 


9.7.5.4 Longitudinal torsional reinforcement shall be 
developed at the face of the support at both ends of the beam 

^jia ^uluUl ‘ 9.7.5.4 

.5 


9.7.6 Transverse reinforcement 

juLuill 9.7.6 

9.7.6.1 General 

9.7.6.1 


COMMENTARY 

R9.7.5 Longitudinal torsional reinforcement 

Jjiall R9.7.5 

R9.7.5.1 Longitudinal reinforcement is needed to resist the 
sum of the longitudinal tensile forces due to torsion. Because 
the force acts along the centroidal axis of the section, the 
centroid of the additional longitudinal reinforcement for 
torsion should approximately coincide with the centroid of 
the section. The Code accomplishes this by requiring the 
longitudinal torsional reinforcement be distributed around 
the perimeter of the closed stirrups. Longitudinal bars or 
tendons are required in each corner of the stirrups to provide 
anchorage for the stirrup legs. Corner bars have also been 
found to be effective in developing torsional strength and 
controlling cracks. 

. .ij ]^9 .7.5.1 

JjJa ijlc. J.«»j 9 Jill iji, 

Ujjij (>91(ji >.9 

9.9ljJ i_41a J5l.k ija IJA ^ I 19 UI ^ 

j\ ^>113.9, AilLdl diUHlI laj3..9 

^ 1.9£, (jt9j..it Aluj 0-9 (j£j ^ 

^ .Siyt'lj L9JII.9 ^ ^Ui ijic. 

R9.7.5.3 The distance (bt + d) beyond the point at which 
longitudinal torsional reinforcement is calculated to be no 
longer required is greater than that used for shear and 
flexural reinforcement because torsional diagonal tension 
cracks develop in a helical form. The same distance is 
required by 9.7. 6 .3.2 for transverse torsional reinforcement. 

Uiijc U (5t + d) R9.7.5.3 

^jt. .I*. ^ A A ^.yl. .1 A\ Qji 4 ^ ; jtU A Axj ^ f Ijlbfl 

, JS.U ^ A^V>jV 1 .1^1 ‘“'taa. Cjl.liaiu. 9 lIj 

.(>^>9ll ^c4uul 9.7.6.3.2 0*9 j.j^^lia.a t^ . 1.9. aILuaII 

R9.7.5.4 Longitudinal torsional reinforcement required at a 
support should be adequately anchored into the support. 
Sufficient embedment length should be provided outside the 
inner face of the support to develop the needed tensile force 
in the bars or tendons. For bars, this may require hooks or 
horizontal U shaped bars lapped with the longitudinal 
torsional reinforcement. 

jaILaaII aIc u^liaAll ^jiall ^Ijjl5tl ^uLaHI R9.7.5.4 

4.^^! £jja.>i*U ^lt£ Jjia >^>i a-a^. 9j^>ll ^ ^^La jaJ ^^ic 

, Cj^ljlSij ji ^^IIaaII Aa^I (jA Sj^jll jll 

U uij^ JSaa aUlsi (jUaIiS j\ Cjliliak liUj J£ .£jl^i.>iaU .^uaIIIj 

,^>iall ^ljIl5U ^uLull ^ ^jAla>9 

R9.7.6 Transverse reinforcement 

^^^>ail juLaUI R9.7.6 


237 








CODE 


9.7.6.1.1 Transverse reinforcement shall be in accordance 
with this section. The most restrictive requirements shall 
apply. 

liSj j»Jl JtiLjillll (jjSj (ji 9.7.6.1.1 


9.7.6.1.2 Details of transverse reinforcement shall be in 
accordance with 25.7. 

.25.7 -1 j*ll jtiLjiill J^lij (ji 1.^ 9.7.6.1.2 

9.7.6.2 Shear 

9.7.6.2 

9.7.6.2.1 If required, shear reinforcement shall be provided 
using stirrups, hoops, or longitudinal bent bars. 

t ciiLjlill .1 '.y*.,ii 1 ‘ 1^! 9.7.6.2.1 

^t^Vl ji i 

9.7.6.2.2 Maximum spacing of shear reinforcement shall be 
in accordance with Table 9.7.6.2.2. 

^ lialjla jtiLjiJ Jftbjl JaJl tjjSj (ji 9.7.6.2.2 

.9.1.(,.1.1 

Table 9.7.6.2.2—^Maximum spacing of shear reinforcement 

JtaL-ail jftbj (y.aai — 9.1.6.1.1 Jj'^1 


K 

Maiiimum mm 


Nonprestressed 

beam 

Prestressed 

beam 

<0.33^V 

Lesser of: 

dll 

m 

600 

>0.33^M 

Lesser of 

dl4 

m 

300 


COMMENTARY 


9.7.6.2.3 Inclined stirrups and longitudinal bars bent to act as 
shear reinforcement shall be spaced so that every 45-degree 
line, extending d/2 toward the reaction from middepth of 
member to longitudinal tension reinforcement, shall be 
crossed by at least one line of shear reinforcement. 

^Lall cliUlil) .^Uj 9.7.6.2.3 

(1/2 45 (3^ ^ (3.4x11 

lax jjC. 1 (^jkll ijW j^olxll (_}4C ‘ lya Jx2 Jj jxl 

.(j^ill Jtiluij (JaVI Jxlj 
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9.7.6.2.4 Longitudinal bars bent to act as shear 
reinforcement, if extended into a region of tension, shall be 
continuous with longitudinal reinforcement and, if extended 
into a region of compression, shall be anchored d/2 beyond 
middepth of member. 

^ |j| i 9.7.6.2.4 

‘ d/2 * i ‘ Ailala 


9.7.6.3 Torsion 


9.7.6.3 


9.7.6.3.1 If required, transverse torsional reinforcement shall 
be closed stirrups satisfying 25.7.1.6 or hoops. 


cjUlS jxll jtiLjij (jjij (ji i j.aVI fijl (jl 9.7.6.3.1 

.JljIaVl ji 25.7.1.6 


9.7.6.3.2 Transverse torsional reinforcement shall extend a 
distance of at least (bt + d) beyond the point required by 
analysis. 

(bt + d) jtAju jlu 4^ 9.7.6.3.2 

Aiaill) Jxj JiVl 


9.7.6.3.3 Spacing of transverse torsional reinforcement shall 
not exceed the lesser of ph/8 and 300 mm. 

iy> Jai fjJa jxll Vi 9.7.6.3.3 

300 mm. j ph / 8 


COMMENTARY 


R9.7.6.3 Torsion 


R9.7.6.3 


R9.7.6.3.1 The stirrups are required to be closed because 
inclined cracking due to torsion may occur on all faces of a 
member. In the case of sections subjected primarily to 
torsion, the concrete side cover over the stirrups spalls off at 
high torques (Mitchell and Collins 1976). This renders lap- 
spliced stirrups ineffective, leading to a premature torsional 
failure (Behera and Rajagopalan 1969). Therefore, closed 
stirrups should not be made up of pairs of U-stirrups lapping 
one another. 

ja JjLdl (jV cjULill 4-1^ R9.7.6.3.1 

4^ljll5d ll4iL44ii ^JaUal) jiJaxll 

^Ixll 4&IdiLjlill (Jja ^Uaxll 

Lu 4^lAa 1^, (1976 

V 4t21il Rajagopalan 1969). j (Behera J^ia ^11 

U- 4liljl£ ijj> iy> (3^ diljlS cillli (jl 

R9.7.6.3.2 The distance (bt + d) beyond the point at which 
transverse torsional reinforcement is calculated to be no 
longer required is greater than that used for shear and 
flexural reinforcement because torsional diagonal tension 
cracks develop in a helical form. The same distance is 
required by 9.7.5.3 for longitudinal torsional reinforcement. 

Uillc Alaiill Jxj La (l)t H- d) ^L.44.all R9.7.6.3.2 

^ iilij ^ 4 Jxj ^ AjiJajxll f Ijlhll 

J£.4^ ^ i-ilaa.ti* ^uLau j 

f 9.7.5.3 

R9.7.6.3.3 Spacing of the transverse torsional reinforcement 
is limited to ensure development of the torsional strength of 
the beam, prevent excessive loss of torsional stiffness after 
cracking, and control crack widths. For a square cross 
section, the ph/8 limitation requires stirrups at approximately 
d/2, which corresponds to 9.7.6.2. 

^Lxua ^L444.all j4.d^jR9.7.6.3.3 

Jxj ^f-1. .i-vU 4 

^laXAl 4^U44it\lj, ^ 4 i-'laa.ti'^tt 

.9.7.6.2 ^ (3^1 ka jAj 4 d / 2 ph / 8 cnitoj 
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9.7.6.3.4 For hollow sections, the distance from the 
centerline of the transverse torsional reinforcement to the 
inside face of the wall of the hollow section shall be at least 
0.5Aoh/ph. 

R9.7.6.3.4 The transverse torsional reinforcement in a 
hollow section should be located in the outer half of the wall 
thickness effective for torsion where the wall thickness can 
be taken as Aoh/ph. 

AiLwiAll ^ AjmuIIj 9 .7.6.3.4 

0.5Aoh/ph 

^ ^AaLdl ^ jxil i_^ R9 .7.6.3.4 

lALui ^j£>u Jbi&il iAIauA ■ i.^Ui 

Aoh / ph . 

9.7.6.4 Lateral support of compression reinforcement 

R9.7.6.4 Lateral support of compression reinforcement 

iaLJal) ^ulyuj 9.7.6.4 

jaLial) ^ulyuj R9.7.6.4 

9.7.6.4.1 Transverse reinforcement shall be provided 
throughout the distance where longitudinal compression 
reinforcement is required. Lateral support of longitudinal 
compression reinforcement shall be provided by closed 
stirrups or hoops in accordance with 9.7.6.4.2 through 
9.7.6.4.4. 

R9.7.6.4.1 Compression reinforcement in beams should be 
enclosed by transverse reinforcement to prevent buckling. 

^uluu 3j,>£Al hiuSal\ R9.7.6.4.1 

^Auu V 9.7.6.4.1 

^UaA.uljj 

.9.7.6.4.4 9.7.6.4.2 4 jljkSh ji ^ liilJlS 


9.7.6.4.2 Size of transverse reinforcement shall be at least (a) 
or (b). Deformed wire or welded wire reinforcement of 
equivalent area shall be permitted, (a) No. 10 for longitudinal 
bars No. 32 and smaller (b) No. 13 for longitudinal bars No. 

36 and larger and for longitudinal bundled bars. 


. (tj) ji (i) jSSfl J>£' (j\ 9 .7.6.4.2 

10 (^). ^ jl iiliwij ^&aa.uj 

36 jsij kAJaW 13 32 jsij kAjial\ 


9.7.6.4.3 Spacing of transverse reinforcement shall not 
exceed the least of (a) through (c): (a) 16db of longitudinal 
reinforcement (b) 48db of transverse reinforcement (c) Least 
dimension of beam 


•{Z) (*) <-(* 4iLui.« jjjj vi 9.7.6.4.3 

jtiLaill qm 48db (s') 16db (') 

j» jaSAI jxj Jai (j) 


9.7.6.4.4 Longitudinal compression reinforcement shall be 
arranged such that every corner and alternate compression 
bar shall be enclosed by the corner of the transverse 
reinforcement with an included angle of not more than 135 
degrees, and no bar shall be farther than 150 mm. clear on 
each side along the transverse reinforcement from such an 
enclosed bar. 


CAj 9.7.6.4.4 

Vj i 135 V CAji 

JjL Js 150 mm (> u* 
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9.7.7 Structural integrity reinforcement in cast in-place 
beams 

^ ^ 9.7.7 


9.7.7.1 For beams along the perimeter of the structure, 
structural integrity reinforcement shall be in accordance with 
(a) through (c); (a) At least one-quarter of the maximum 

positive moment reinforcement, but not less than two bars or 
strands, shall be continuous (b) At least one-sixth of the 
negative moment reinforcement at the support, but not less 
than two bars or strands, shall be continuous (c) 

Longitudinal structural integrity reinforcement shall be 
enclosed by closed stirrups in accordance with 25.7.1.6 or 
hoops along the clear span of the beam 

(jl ^ 9.7.7.1 

JJJ JaSri (i) :(^) (i) Ciaj 

i_i^ 4A..dljla Cli5ljL£ll (jjS^ (ji ji ijM Jsi 

ji 25.7.1.6 Jal^ ^uluull 

.5^Uall jaJi Jjia (jJft (jljlaSll 


COMMENTARY 

R9.7.7 Structural integrity reinforcement in cast-in-place 
beams—Experience has shown that the overall integrity of a 
structure can be substantially enhanced by minor changes in 
detailing of reinforcement and connections. It is the intent of 
this section of the Code to improve the redundancy and 
ductility in structures so that in the event of damage to a 
major supporting element or an abnormal loading event, the 
resulting damage may be localized and the structure will 
have a higher probability of maintaining overall stability. 
With damage to a support, top reinforcement that is 
continuous over the support, but not confined by stirrups, 
will tend to tear out of the concrete and will not provide the 
catenary action required to bridge the damaged support. By 
making a portion of the bottom reinforcement continuous, 
catenary action can be provided. If the depth of a continuous 
beam changes at a support, the bottom reinforcement in the 
deeper member should be terminated into the support with a 
standard hook or headed bar and the bottom reinforcement in 
the shallower member should be extended into and fully 
developed in the deeper member. 

di ijal ^ ^LauVI JLajSVl juIajj R9 .7.7 

CjIjJu djjA^ IAjjjaj AXaLil) 

Jjill IjM jxullll IJA ijA (jl ^ ^ i<iU 

jjA^a ^ ^ jA 

^Uij jjA^I (ji jI ^Aj.Lij jj,ajaA 

^ JLu^l 0.9% O^J 

O^.J ^ ^ulwull 

f olj t CjUlSlL •' 

ijA Ja.^ J5tk ijA .jjJa'ij'l jll ^J5U| Cj2j.dl 

.lip dj.alwMl) djAftill Ul ,JaaaLaj J.a& 

jjSVl jaAskAI ^ ^^AAaaaII ^dAAAjllj ^ o^ ^ ^jIaau 

JlJlaVl i fllU.v At ^.yl. .il^. SJiSjAl J 

.^LaAsC^U (JauAI ^ J.aL£Alj ajjSajj 'I ^ 

R9.7.7.1 Requiring continuous top and bottom reinforcement 
in perimeter or spandrel beams provides a continuous tie 
around the structure. It is not the intent to require a tension 
tie of continuous reinforcement of constant size around the 
entire perimeter of a structure, but rather to require that 
onehalf of the top flexural reinforcement required to extend 
past the point of inflection by 9.7.3.8.4 be further extended 
and spliced at or near midspan as required by 9.7.7.5. 
Similarly, the bottom reinforcement required to extend into 
the support in 9.7.3.8.2 should be made continuous or spliced 
with bottom reinforcement from the adjacent span. At 
noncontinuous supports, the longitudinal reinforcement is 
anchored as required by 9.7.7.4. 

A^jliAl 5j.«SAl ^ JLjiVlj (_^VI 0^ Ja^IjI*!! juIaaiAAI i.;jAlajjR9.7.7.1 
iillA ^ ^jAajaAj Jl^ SjaLjla Aiajlj Cj|A jl 

j Uj.v A ^^I^IAaAjVI J.4JAAAa 1| ^jlAAulj ^ AaAI AaJJ uAjs jA 

AIUA (ji U^J 

^ 9.7.3.8.4 ^HaAVl Aiaij jjl^AA ^^^AIxaII plA^AVl 

. 9 . 7.7.5 4,91aaaa1I ‘ fl.>A*.*A Qji ujUL ji ^ 

^ dj^^l JA.aAAl u^^AIaaI) ^^AAaaaI) ^^IaajAAI 

jaall tja £^ISA| ^ j' ^Lualjla 9.7.3.8.2 

jA La£ ^jiall ^jAaauAI j^j*A ^ a4Aa^Ij1a1| 

.9.7.7.4 
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9.7.7.2 For other than perimeter beams, structural integrity 
reinforcement shall be in accordance with (a) or (b); (a) At 
least one-quarter of the maximum positive moment 
reinforcement, but not less than two bars or strands, shall be 
continuous, (b) Longitudinal reinforcement shall be enclosed 
by closed stirrups in accordance with 25.7.1.6 or hoops along 
the clear span of the beam. 

JLa^Vl ^ t>ft^9.7.7.2 

1 JaVI i_^ ji ^ Ld 

^Jajj UJ^ ■■ Qa Jii U^J 

^jlc- ^IjiaVl ji 25.7.1.6 (JjUlil) ^ ujilL 

i ^Lall Jjia 


Figure R9 .7.7.1 shows an example of a two piece stirrup 
that satisfies the requirement of Sections 9.7.7.1(c) and 
9.7.7.2(b). The 90-degree hook of the cap tie is located on 
the slab side so that it is better confined. Pairs of U-stirrups 
lapping one another as defined in 25.7.1.7 are not permitted 
in perimeter or spandrel beams. In the event of damage to the 
side concrete cover, the top longitudinal reinforcement may 
tend to tear out of the concrete and will not be adequately 
restrained by the exposed lap splice of the stirrup. Thus, the 
top longitudinal reinforcement will not provide the catenary 
action needed to bridge over a damaged region. Further, 
lapped U-stirrups will not be effective at high torque as 
discussed in R9.7.6.3.1. 

CjUllajAj Qa CjUIS yil.a R9. 7.7.1 

ij^ 90 W'ji ^ (b). 9.7.1.2 j (c) 9.1.1.1 

CjUl£ ijA V .JJaSi UJ^ 

.^>b ji ija-i 9>«S ^ 25.7.1.7 jajll ^.^iaxjU- 

.*'1 ^Uakll ijic. jj^ 

^jia ^ (jlj (ja Ulxll 

jijj ^ LUxll (jlS .tliLiliU 

9jilc. .SjjJaldl AiJaldl ^ uiliiU f.\ 

^ jA La£ U CjIjLIuj 

R9.7.6.3.1. 


Cap tie 



Fig. R9.7.7.1—^Example of a two-piece stirrup that complies 
with the requirements of 9.7.7.1(c) and 9.7.7.2(b). 

9.1.1.1 cjUlkla ^ (jaljjj bjUls Jc. Jlia .R7.7.7.1 - 

(b).9.7.7.2 j(c) 

R9.7.7.2 At noncontinuous supports, the longitudinal 
reinforcement is anchored as required by 9.7.7.4. 
R9.7.7.1 provides an example of a two-piece stirrup that 
satisfies 9.7.7.2(b) 

.fi'ujj i 9j.9luull jjlsjll ^ R9.7.7.2 

jj'* t*<9 IJA cjLjlS ije- yUa R9.7.7.1 J . 9.1.1.A 

(4*) 9.1.1.1 


9.1.13 Longitudinal structural integrity reinforcement shall 
pass through the region bounded by the longitudinal 
reinforcement of the column. 


A^ialdl JLo^bU 9.7.7.3 

^lAuiULj 


R9.7.7.3 In the case of walls providing vertical support, the 
longitudinal reinforcement should pass through or be 
anchored in the wall. 


o' ‘ jijj R9.7.7.3 

jSjji ji jbaJl jkll 
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9.7.7.4 Longitudinal structural integrity reinforcement at 
noncontinuous supports shall be anchored to develop fy at 
the face of the support. 

Jjxll J\ ^ yiLilVl JbuSlU ^jlall 9.7.7.4 

9.7.7.5 If splices are necessary in continuous structural 

integrity reinforcement, the reinforcement shall be spliced in 
accordance with (a) and (b); (a) Positive moment 

reinforcement shall be spliced at or near the support (b) 
Negative moment reinforcement shall be spliced at or near 
midspan 

^LmuVI JLo^Vl ^ Cjjj4a cjjl£ iJl 9.7.7.5 

j ijj> Jil 1 

, ‘ ^ ujilL j| ^ ^jxll 

9.7.7.6 Splices shall be full mechanical, full welded, or Class 
B tension lap splices. 

ji J.al£llj *j-v t A j| (ji 9,7,7,^ 

.JaIII cj^L.djl B ' “‘-AA lya 


9.8—Nonprestressed one-way joist systems 

oUil JUftiSI ititiiK j^l wLdfiiSI <Miui9.8 - 

9.8.1 General 

9.8.1 

9.8.1.1 Nonprestressed one-way joist construction consists of 
a monolithic combination of regularly spaced ribs and a top 
slab designed to span in one direction. 

^ (^jAAA j^l ^ uL^VI ^Uj 9.8.1.1 

JIaII AjA.AA- ^ d.^ 1 ^ Qa 

9.8.1.2 Width of ribs shall be at least 100 mm. at any 
location along the depth. 

100 mm (JiSll (_jle ljL^VI ijaje- ojij o'l 9.8.1.2 

Jjla ylft 

9.8.1.3 Overall depth of ribs shall not exceed 3.5 times the 
minimum width. 

yjjSll JaJi L.axA^ 3.5 JjL^ Vi 9.8.1.3 

.(jijxU 


COMMENTARY 


R9.8—Nonprestressed one-way joist systems 

ititiiK oUiiil uLdsiil R9.8 - 

R9.8.1 General_The empirical limits established for 
nonprestressed reinforced concrete joist floors are based on 
successful past performance of joist construction using 
standard joist forming systems. For prestressed joist 
construction, this section may be used as guide. 

‘ ^1^R9.8.1 

"I; (_jjLa 4 | ^bSh AjjjuiA 

^Uj u1\ aUaauIL, ^ .ilja'I uU^VI Jj£a^ 

*. ..aU 1 ,^ *t ^.y-. .it Q^aj 
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9.8.1.4 Clear spacing between ribs shall not exceed 750 mm 

R9.8.1.4 A limit on the maximum spacing of ribs is required 
because of the provisions permitting higher shear strengths 

750 mm oh Jjlajj Vi 9.8.1.4 

and less concrete cover for the reinforcement for these 
relatively small, repetitive members. 

(J^ AdtwLAlI R9.8.1.4 

(jA Jii ^Lyuj^ pUa&j A^j\1a Jal^ 

9.8.1.5 Vc shall be permitted to be taken as 1.1 times the 
value calculated in 22.5. 

R9.8.1.5 This increase in shear strength is justified on the 
basis of: 1) satisfactory performance of joist construction 
designed with higher calculated shear strengths specified in 

.22.5 a jA 1,1 Vc 9.8.1.5 

previous Codes which allowed comparable shear stresses; 
and 2) potential for redistribution of local overloads to 

9.8.1.6 For structural integrity, at least one bottom bar in 
each joist shall be continuous and shall be anchored to 
develop fy at the face of supports. 

adjacent joists. 

(1 I-* Ifl sJbjh si* o\ R9.8.1.5 

j O^ fbVl 

^ 9.8.1.6 

,aj^ jll 

(2 J ■ lPI-AaII A^Luil) ^ 

uL^&Vl A^LLal 

9.8.1.7 Reinforcement perpendicular to the ribs shall be 
provided in the slab as required for flexure, considering load 
concentrations, and shall be at least that required for 
shrinkage and temperature in accordance with 24.4. 


ujlixa jA La£ *t^9.8.1.7 

uJ^ ^ dl&l jA ^ i fU^Vl 

,24.4 iilld 


9.8.1.8 One-way joist construction not satisfying the 
limitations of 9.8.1.1 through 9.8.1.4 shall be designed as 
slabs and beams. 


^ fUjluil QjJ dl^l ^ fUj 9.8.1.8 

.Cjlj-Sj cjUaiUS 9.8.1.4 ij\ 9.8.1.1 


9.8.2 Joist systems with structural fillers 


4^Lwiji ^ 9.8.2 


9.8.2.1 If permanent burned clay or concrete tile fillers of 
material having a unit compressive strength at least equal to 
fc^ in the joists are used, 9.8.2.1.1 and 9.8.2.1.2 shall apply 


<Ajb ji ^ 9.8.2.1 

4 ^ fc ' >2 dJLa 

9.8.2.1.2 j 9.8.2.1.1 


9.8.2.1.1 Slab thickness over fillers shall be at least the 
greater of one-twelfth the clear distance between ribs and 40 
mm. 


QA JflSfl AJa!iLl! ASLauj (j\ (-4^ 9.8.2.1.1 

40 mm. j uU^Vl ^LuiaII 1/12 
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9.8.2.1.2 For calculation of shear and negative moment 
strength, it shall be permitted to include the vertical shells of 
fillers in contact with the ribs. Other portions of fillers shall 
not be included in strength calculations. 


JIAjL ^ ^jlLa 9.8.2.1.2 

JlAjj ^ 


9.8.3 Joist systems with other fillers 


^ uL^C'Vl 9.8.3 


9.8.3.1 If fillers not complying with 9.8.2.1 or removable 
forms are used, slab thickness shall be at least the greater 


ofone-twelfth the clear distance between ribs and 50 mm. 


4ijli ji 9.8.2.1 ^ ^ iJj 9.8.3.1 

1/12 jjSi 4JaiLll iilAwd UJ% U*^ ‘ 

50 mm. j AiLwiAll 


9.9—Deep beams 

9.9 - 

9.9.1 General 

i»l* 9.9.1 

R9.9—Deep beams 

R9.9 - 

R9.9.1 General 

R9.9.1 

9.9.1.1 Deep beams are members that are loaded on one face 
and supported on the opposite face such that strut-like 
compression elements can develop between the loads and 
supports and that satisfy (a) or (b): (a) Clear span does not 
exceed four times the overall member depth h 
(b) Concentrated loads exist within a distance 2h from the 
face of the support 

R9.9.1.1 The behavior of deep beams is discussed in 
Schlaich et al. (1987), Rogowsky and MacGregor (1986), 
Marti (1985), and Crist (1966). For a deep beam supporting 
gravity loads, this provision applies if the loads are applied 
on the top of the beam and the beam is supported on its 
bottom face. If the loads are applied through the sides or 
bottom of such a member, strut-and-tie models, as defined in 
Chapter 23 should be used to design reinforcement to 

^ A.^;La9l1| 9.9.1.1 

iaau^l 4j.u£UiAl) 

;(tj) ji (i) jjlijilj JU^VI 0^^ 

(_g^\ (3<a9Lll LilxJai V j^\ (i) 

aj^jll .ilfr 2h JilJ ajS jaII jLa^Sfl (b) 

internally transfer the loads to the top of the beam and 
distribute them to adjacent supports 

Schlaich et al. SjaSJI djlui 'Liali. Cuii R9.9.1.1 

j ‘Marti (1985) ‘ MacGregor (1986) jRogowsky ‘(1987) 

Ija (j Ja.'j JL.^i ^ (j^ J>‘-^^Crist (1966). 

>ijA ijiC’ (jAilxi fj Ul ^£^1 

IJA ji ijM (jjjla'i ^ 

23 jk L9£ dabjllj ^jLu ‘'k', ,il . 

d^)A£ll ^ ulkiJ 

9.9.1.2 Deep beams shall be designed taking into account 
nonlinear distribution of longitudinal strain over the depth of 
the beam. 

5jjLa-dl jll jjlft 

R9.9.1.2 The Code does not contain detailed requirements 
for designing deep beams for moment, except that a 

jJLsiijbU »\£.\jA ^ tLljill 9.9.1.2 

.a jaHI 

nonlinear strain distribution should be considered. Guidance 
for the design of deep beams for flexure is given in Chow et 
al. (1953), Portland Cement Association (1946), and Park 

9.9.1.3 Strut-and-tie models in accordance with Chapter 23 
are deemed to satisfy 9.9.1.2. 

and Paulay (1975). 

a^jaxJ) V R9.9.1.2 

9.9.I.2. 23 J-aill j >111 jju: jfxl 9.9.1.3 

‘Ljak jlklh ^Ujlub t 

‘ Chow et al. (1953) (> iiibLijl 

,(1975) ‘ajbj , (1946) 
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9.9.2 Dimensional limits 

jUjSII JjJa. 9.9.2 

9.9.2.1 Deep beam dimensions shall be selected such that; 

jUji ^ 9.9.2.1 

(Mil) 

9.9.3 Reinforcement limits 

jjj^9.9.3 


9.9.3.1 Distributed reinforcement along the side faces of 
deep beams shall be at least that required in (a) and (b): (a) 
The area of distributed reinforcement perpendicular to the 
longitudinal axis of the beam, Av, shall be at least 
0.0025bws, where s is the spacing of the distributed 
transverse reinforcement, (b) The area of distributed 
reinforcement parallel to the longitudinal axis of the beam, 
Avh, shall be at least 0.0025bws2, where s2 is the spacing of 
the distributed longitudinal reinforcement. 

5Jjla JtiLjiUl tjjij (ji 9.9.3.1 

-111 UJ^ (^) J (^) iillj JiVl 

0.0025bws iJ^Vl (jlft lAv ‘ 

(j) (*^)' $ Jloj *• 

^Avh ^ -111 4.^Lui.a 

jtAuull aii JftUjll s2 0.0025bws2 JiVl 


9.9.3.2 The minimum area of flexural tension reinforcement. 
As,min, shall be determined in accordance with 9.6.1. 

t As,min^ .^1 9.9.3.2 

.9.6.1 -1 


COMMENTARY 

R9.9.2 Dimensional limits 

JjJa. R9.9.2 

R9.9.2.1 This limit imposes a dimensional restriction to 
control cracking under service loads and to guard against 
diagonal compression failures in deep beams. 

^ jUjVI fjiC’ R9.9.2.1 

,A^j.axl) Cj|j.aSll ^ ^jiaill Wi ^.^^1 


R9.9.3 Reinforcement limits 

jjja. R9.9.3 

R9.9.3.1 The minimum reinforcement requirements of this 
section are to be used irrespective of the method used for 
design and are intended to control the width and propagation 
of inclined cracks. Tests (Rogowsky and MacGregor 1986; 
Marti 1985; Crist 1966) have shown that vertical shear 
reinforcement, perpendicular to the longitudinal axis of the 
member, is more effective for member shear strength than 
horizontal shear reinforcement, parallel to the longitudinal 
axis of the member, in a deep beam; however, the specified 
minimum reinforcement is the same in both directions to 
control the growth and width of diagonal cracks. 

uijj^ A\ .*'1 cjUUala ijM .^1 R9.9.3.1 

^ t i ^ At A .1 A\t 

MacGregor j (Rogowsky cjljljii'ill 3AjUll jjiill jAjj 

A oaill jiAJ (ji Crist 1966) ^ Marti 1985 G986 

aUaaaHIj aU11&2 jA a jJax" 

^ A -a" a Qa 

^ ^ 4.AAAij jA ' ■'ll ^uIaAaHI QA (jlS A tillj AIDAS’ 

jaj ^ *<-vtU 
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9.9.4 Reinforcement detailing 

R9.9.4 Reinforcement detailing 

9.9.4 

jiA-ull J^Uj R9.9.4 

9.9.4.1 Concrete cover shall be in accordance with 20.6.1. 


.20.6.1 4 tisj (lUaih (jjij o' ‘t^9.9.4.1 


9.9.4.2 Minimum spacing for longitudinal reinforcement 
shall be in accordance with 25.2. 


.25.2 4 CSsj jftLu Jai ojSj o’l 9.9.4.2 


9.9.4.3 Spacing of distributed reinforcement required in 
9.9.3.1 shall not exceed the lesser of d/5 and 300 mm 


9.9.3.1 jjjj Q\ V 9.9.4.3 

300 mm. j d/5 


9.9.4.4 Development of tension reinforcement shall account 
for distribution of stress in reinforcement that is not directly 
proportional to the bending moment. 

R9.9.4.4 In deep beams, the stress in the longitudinal 
reinforcement is more uniform along the length than that of a 
beam or region that is not deep. High reinforcement stresses 
normally limited to the center region of a typical beam can 

^uLoUll ^ .14^1 ^uLuj 9.9.4.4 

extend to the supports in deep beams. Thus, the ends of 
longitudinal reinforcement may require positive anchorage in 
the form of standard hooks, bar heads, or other mechanical 
anchorage at supports. 

ilLbujI ^ JaLJal) U-i% ^ ^ R9.9.4.4 

SIaI jl djiftS AiLwiAll 

AAloxI) ^ CjLalfjl! 

9.9.4.5 At simple supports, positive moment tension 
reinforcement shall be anchored to develop fy at the face of 
the support. If a deep beam is designed using Chapter 23, the 
positive moment tension reinforcement shall be anchored in 
accordance with 23.8.2 and 23.8.3. 

R9.9.4.5 The use of the strut-and-tie method for the design of 
deep beams illustrates that tensile forces in the bottom tie 
reinforcement need to be anchored at the face of the support. 
From this consideration, tie reinforcement should be 
continuous or developed at the face of the support 

^ 9.9.4.5 

.23.8.3 j 23.8.2 u* 

(Rogowsky and MacGregor 1986). 

A^j.ax 1| labjllj ^uiajjR 9.9.4.5 

1.^ dj^jll ^ JA.U JJ ^ 14^1 

9.9.4.6 At interior supports, (a) and (b) shall be satisfied: (a) 
Negative moment tension reinforcement shall be continuous 
with that of the adjacent spans, (b) Positive moment tension 
reinforcement shall be continuous or spliced with that of the 
adjacent spans. 

dj^^l ^ lAjj^iaj ji AjI£I 1 (jl ijLil&Vl 

MacGregor 1986j(Rogowsky 

(j\ t-1^ (i) (u) j (i) t ^ 9.9.4.6 

(jl (^)* ^ Awlll 

.SjjIaaII 
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CHAPTER 10-COLUMNS 
10.1—Scope 


10 

JUll 10.1 


COMMENTARY 

CHAPTER 10-COLUMNS 

oJiMliSI - 10 


10.1.1 This chapter shall apply to the design of 
nonprestressed, prestressed, and composite columns, 
including reinforced concrete pedestals. 

t 10 . 1.1 

10.1.2 Design of plain concrete pedestals shall be in 
accordance with Chapter 14. 

liSj CjIxII Cjlall tJClllI UJ% u'^ 10.1.2 

.14 


10.2—General 

10.2.1 Materials 


R10.2—General 


^UlllO.2 

Jl>»lll0.2.1 


10.2.1.1 Design properties for concrete shall be selected to 
be in accordance with Chapter 19. 


19 .^.y jLu^l 10.2.1.1 

10.2.1.2 Design properties for steel reinforcement and 
structural steel used in composite columns shall be selected 
to be in accordance with Chapter 20. 


jV.^1 (j^sl .^-v ^ (ji 10.2.1.2 

,20 Saa&VI ^ 

10.2.1.3 Materials, design, and detailing requirements for 
embedments in concrete shall be in accordance with 20.7. 

^ ijn jail diUUiT'A.' JjArtlT'llj -tjAArtt'lj JIjaII ji u^lO.2.1.3 

.20.7 -1 £Saj 4lLAjill 


^Ull R10.2 
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10.2.2 Composite columns 

5^ j^\ »Atf.S!ll0.2.2 

RIO.2.2 Composite columns 

4^»A.cSh RIO.2.2 

10.2.2.1 If a structural steel shape, pipe, or tubing is used as 
longitudinal reinforcement, the column shall be designed as a 
composite column. 

RIO.2.2.1 Composite columns include both structural steel 
sections encased in concrete and hollow structural steel 
sections filled with concrete. Reference to other metals used 
for reinforcement has been omitted because they are seldom 

^ IjI 10.2.2.1 

used in concrete construction. 

^ 4ilL« ja j»LJi ^ RIO.2.2.1 

10.2.3 Connection to other members 

La djL^Vl 

j-^Lidb JL^Vl 10.2.3 

.^Lu jji 

10.2.3.1 For cast-in-place construction, beam column and 
slab-column joints shall satisfy Chapter 15. 


- ^jluu (j\ i ^^•'"^^10.2.3.1 

.15 


10.2.3.2 For precast construction, connections shall satisfy 
the force transfer requirements of 16.2. 


^jlbuj 4 f UJl <^10.2.3.2 

.16.2"^ Sjili ji: 


10.2.3.3 Connections of columns to foundations shall satisfy 
16.3. 


.16.3 biL-L-Vl »A.ftSn cjiUsj ^jiuu J 10.2.3.3 


10.3—Design limits 

p — Jj^lO.3 - 

R10.3—Design limits 

[ftitanill ajAa RIO.3 - 

10.3.1 Dimensional limits 

jhuSh JjJa.10.3.1 

RIO.3.1 Dimensional limits—Explicit minimum sizes for 
columns are not specified to permit the use of reinforced 
concrete columns with small cross sections in lightly loaded 

10.3.1.1 For columns with a square, octagonal, or other 
shaped cross section, it shall be permitted to base gross area 
considered, required reinforcement, and design strength on a 
circular section with a diameter equal to the least lateral 
dimension of the actual shape. 

structures, such as low-rise residential and light office 
buildings. If small cross sections are used, there is a greater 
need for careful workmanship, and shrinkage stresses have 
increased significance. 

^ V - JhijSh RIO.3.1 

ji ji j9lIi d.Lft&bu 10.3.1.1 

djjjXAll 3.^1111 i ^>^1 

djJua ^Lbufil CjIJ ^jLa 4^Lwij^ dXafri ^LawiU 

i 4jUjV i^LI^ 
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10.3.1.2 For columns with cross sections larger than required 
by considerations of loading, it shall be permitted to base 
gross area considered, required reinforcement, and design 
strength on a reduced effective area, not less than one-half 
the total area. This provision shall not apply to columns in 
special moment frames or columns not part of the seismic- 
force resisting system required to be designed in accordance 
with Chapter 18. 

RIO.3.1.2 In some cases, the gross area of a column is larger 
than necessary to resist the factored load. In those cases, the 
minimum reinforcement percentage may be calculated on the 
basis of the required area rather than the provided area, but 
the area of reinforcement cannot be less than 0.5 percent of 
the actual cross-sectional area. 

(j. Jj.4xl 5.^Luia1| (jjij i diVtaJl (jiaxj ^ RIO.3.1.2 

^ ^ 10-3-1-2 

Sjym.-A\\ ^ CjjjLll&l 

^ V 

ji bjljUal ^ Saa&VI V. 

tldj (JA V dtlofrl 

,18 J-aiil 

4j.a 

i A.^Iaaia11 Ai^IaaiaII ^jAdLyuj AjaaU 

A^LiAiAilj AjLaII 0.5 O'* V AxiLiAiA 

.AaIx&II 

10.3.1.3 For columns built monolithically with a concrete 
wall, the outer limits of the effective cross section of the 
column shall not be taken greater than 1.5 in. outside the 
transverse reinforcement. 


V (■ ^ IAjUj ^ dAA&bU 10.3.1.3 

1.5 U** (jA jUill 

jxll ^uiwull 


10.3.1.4 For columns with two or more interlocking spirals, 
outer limits of the effective cross section shall be taken at a 
distance outside the spirals equal to the minimum required 
concrete cover. 


t ji ^j^LaaL# Siacbu 10 . 3 . 1.4 

Jlxill 


10 . 3 . 1.5 If a reduced effective area is considered according 
to 10.3.1.1 through 10.3.1.4, structural analysis and design of 
other parts of the structure that interact with the column shall 
be based on the actual cross section. 


10.3.1.1 4 llaj SJUill ^ jJalll ^ lj| 10.3.1.5 

JaIajII aIIwu i 10.3.1.4 

^ IaalIaII 

RIO.3.1.6 Steel-encased concrete sections should have a 

10.3.1.6 For composite columns with a concrete core encased 
by structural steel, the thickness of the steel encasement shall 
be at least (a) or (b): 

steel wall thickness large enough to attain the longitudinal 
yield stress before buckling outward. 

jj.A^ ^L4 .uj aUxaI) (ji RIO.3.1.6 

jV.^b dUaLol) ^Luuj^l dl^l ^uajUL 10-3-1-6 

ji (i) JaVl fUaxll iiLftAAj U*^ ‘ <_jjlAijVl 

.J jLiJi u^l jjjiall Lu li 

(a) bj-^ for each face of width b 

pE^ 


(b) b, for circular sections of diameter h 

pE^ 
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10.4—Required strength 

R10.4—Required strength 

iy^tiall <UiUll RIO.4 - 

<y^MI <wiUlll0.4 - 


10.4.1 General 

(•1^110.4.1 


10.4.1.1 Required strength shall be calculated in accordance 
with the factored load combinations in Chapter 5. 


^ tisj i-10 .4.1.1 

,5 


10.4.1.2 Required strength shall be calculated in accordance 
with the analysis procedures in Chapter 6. 


^ jAi.-v.iit c^l..^v1 10,4.1.2 

,5 Ja^-^1 


10.4.2 Factored axial force and moment 

RIO.4.2 Factored axial force and moment 

djill 10.4.2 

tjlll RIO.4.2 

10.4.2.1 Pu and Mu occurring simultaneously for each 
applicable factored load combination shall be considered. 

RIO.4.2.1 The critical load combinations may be difficult to 
discern without methodically checking each combination. As 
illustrated in Fig. RIO.4.2.1, considering only the factored 

AjjSjj Jsl cAj ^ Mu j Pu c> ^ u' 4^10.4.2.1 

load combinations associated with maximum axial force 
(LCl) and with maximum bending moment (LC2) does not 
necessarily provide a code-compliant design for other load 
combinations such as LC3. 

QjJ A.lfcjA.y A ^ RIO.4.2.1 

R10.4.2.1^J jA L>£, ^jlaj 

dj^L -Ua^jAll ^ ^ ^ 

"i! ‘ (LC2) Jajj (LCl) 

LC3.(3^ ^ 1 djjj.Jallj 
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10.5—Design strength 

10.5.1 General 


10.5 - 


Fig. RIO.4.2.1—Critical column load combination. 

jaJi JJJ. Rio.4.2.1 - 


R10.5—Design strength 

R 10.5.1 General 


RIO.5 - 

RIO.5.1 


10.5.1.1 For each applicable factored load combination, 
design strength at all sections shall satisfy 4)Sn > U, 
including (a) through (d). Interaction between load effects 
shall be considered: 


RIO.5.1.1 Refer to R9.5.1.1. 

R9.5.1.1.t^l! tf^jiRlO.5.1.1 


t _ i ^J£] A nn'lLi 10.5.1.1 

Laj i "c[)Sn ^ U Cojlioll 


(a) 4)Pn > Pu 

(b) 4)Mn > Mu 

(c) ct)Vn> Vu 

(d) 4)Tn > Tu 


10.5.1.2 cf) shall be determined in accordance with 21.2. 

.21.2 u' 4*^ ()) 10.5.1.2 
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10.5.2 Axial force and moment 

RIO.5.2 Axial force and moment 

sjill 10.5.2 

fSjill RIO.5.2 

10.5.2.1 Pn and Mn shall be calculated in accordance with 
22.4. 


.22.4 4 tssj Mn j Pn 10.5.2.1 


10.5.2.2 For composite columns, forces shall be transferred 
between the steel section and concrete by direct bearing, 
shear connectors, or bond in accordance to the axial strength 
assigned to each component. 

RIO.5.2.2 AISC design specification (AISC 360-10) 
provides guidance regarding the calculation of force transfer 
capacity in composite columns. While bond can be 
considered as a force transfer mechanism, it may not be 
appropriate for certain cases. For example, bond is typically 

^ ^ dAo&bU 4,uav\lj 10.5.2.2 

lidj JjlUl jl jl 

considered for the strength of concrete-filled composite 
columns. However, AISC 360-10 does not permit bond to be 
considered for concrete-encased steel columns and does not 
permit bond to be combined with other transfer mechanisms. 

10.5.3 Shear 

0^110.5.3 

cjULijl AISC (AISC 360-10) M RIO.5.2.2 

qLoj d.l4&Vl djll) Jij djji 

V 

10.5.3.1 Vn shall be calculated in accordance with 22.5. 

Aluill 

IILm jaJL ftOaLAll ftAa&bU jIAa-JL AISC 360-10 V idlJ 

.22.5 4 tSaj Vn 10.5.3.1 


10.5.4 Torsion 

(‘IjilVI 10.5.4 

RIO.5.4 Torsion—Torsion acting on columns in buildings is 
typically negligible and is rarely a governing factor in the 
design of columns. 

10.5.4.1 If Tu > 4)Tth, where Tth is given in 22.7, torsion 
shall be considered in accordance with Chapter 9. 

i jSjj jI£j V ^UaII ^ ftAo&i Jasu f 1^! - f RIO.5.4 

.dAft^Vl ^ btalfr UJ% ^ 

‘ 22.7 J Tth f-\^\ 4^ ‘ Tu > c|)Tth '^1 10.5.4.1 

.9 


10.6—Reinforcement limits 

eiAlirtill 10.6 - 

R10.6—Reinforcement limits 

giAlirtill RIO.6 — 

10.6.1 Minimum and maximum longitudinal reinforcement 

RIO.6.1 Minimum and maximum longitudinal reinforcement 

Jai 10.6.1 

yjjla Jii RIO.6.1 
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10.6.1.1 For nonprestxessed columns and for prestressed 
columns with average fpe <1.6 MPa, area of longitudinal 
reinforcement shall be at least 0.0 lAg but shall not exceed 
O.OSAg. 

^ ^ A.iujilb 10.6.1.1 

qI <1.6 MPa Cy> 

O.OSAg V uSlj JaSri O.OlAg 


10.6.1.2 For composite columns with a structural steel core, 
area of longitudinal bars located within the transverse 
reinforcement shall be at least 0.01(Ag - Asx), but shall not 
exceed 0.08(Ag - Asx). 

dXo&bU 10.6.1.2 

JsVI ^LaaiVI ^Laai.! OJ^ 

0.08 (Ag - Asx) Vi (jSJj 1 (Ag - Asx) 0‘01 


COMMENTARY 

RIO.6.1.1 Limits are provided for both the minimum and 
maximum longitudinal reinforcement ratios. Minimum 
reinforcement—Reinforcement is necessary to provide 
resistance to bending, which may exist regardless of 
analytical results, and to reduce the effects of creep and 
shrinkage of the concrete under sustained compressive 
stresses. 

L_±uij] ^_gA-iaaV' .llidlj ^.iV' .l=dl ^ (_]£] JJSjJ RIO.6 .1.1 

Lojlio ^jIaaj - ^jIaajII 

.1^1 j i ^jc. UJ^ ^ ft '"A ’>V' 

JajLkJa]! 'jT.l aSvIj l oa. j\l 

Creep and shrinkage tend to transfer load from the concrete 
to the reinforcement, and the resultant increase in 
reinforcement stress becomes greater as the reinforcement 
ratio decreases. Therefore, a minimum limit is placed on the 
reinforcement ratio to prevent reinforcement from yielding 
under sustained service loads (Richart 1933). 

^AA-aJj 4 [Jaa.U 'jt.l 4 0A.j\' 

^ 44^^ <lAAi t “'. >4Q.A > 1 aK . >4 

0 ^).a'uA.al' ^ A 4 .a\' J aa.' ...'it' <,iAAnl ^.>aj 

(Richart 1933) 

Maximum reinforcement—The amount of longitudinal 
reinforcement is limited to ensure that concrete can be 
effectively consolidated around the bars and to ensure that 
columns designed according to the Code are similar to the 
test specimens by which the Code was calibrated. The 0.08 
limit applies at all sections, including splice regions, and can 
also be considered a practical maximum for longitudinal 
reinforcement in terms of economy and requirements for 
placing. Longitudinal reinforcement in columns should 
usually not exceed 4 percent if the column bars are required 
to be lap spliced, as the lap splice zone will have twice as 
much reinforcement if all lap splices occur at the same 
location. 

ijLt^ ijiC’ ^uLjuII - ^uIajaIU , 

^ aa.>Aa\| (ji ^L4A.^J JlxS ^IaAJJ^I 

0.08 djjUAtt ^.j ^ AjAj 

*a ^ 1..AJ .^WflAtl ^Ay 

jjlaJu Vi .Axaasj iliUllalaj 4l .aa'^VI /ja ^uLuaIU 

tXaCVI Ci3S |j| ^Ldl ^ 4 iXaCVI ^ ^uIaauII 

CjVLa^^^I Aiiala ^i 4^4^ 4 

(JJaLi I j| ^uIaAI^I ‘ a«‘tA j.AAA.*. ,1 

RIO.6.1.2 Longitudinal and transverse reinforcement is 
necessary to prevent spalling and ensure that concrete 
outside the structural steel core behaves as reinforced 
concrete. Limitations on longitudinal reinforcement are 
necessary for the reasons described in RIO.6.1.1. Transverse 
reinforcement requirements are provided in 10.7.6.1.4. For 
composite columns with a concrete core encased by 
structural steel, reinforcing bars are not required. The 
minimum steel wall thickness of 10.3.1.6 inherently provides 
adequate minimum reinforcement. 

Qa CjjA^I ^jjjAAa ^jA^ajxlIj ^^AaaaIIII 6! RIO.6.1.2 

Jxj. ^Luuj^ 

RIO.6.1.1. 

dalo&bU ^iU.a v\Ij, 10.7.6.1.4 klUlIala ^ 

.1^1 10.3.1.6 <^1 

.uxmLIaI} 
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10.6.2 Minimum shear reinforcement 

RIO.6.2 Minimum shear reinforcement 

^jSfl .1^! 10-6-2 

0^1 JaJl RIO.6.2 

10.6.2.1 A minimum area of shear reinforcement, Av,min, 
shall be provided in all regions where Vu > O.ScftVc. 

RIO.6.2.1 The basis for the minimum shear reinforcement is 
the same for columns and beams. Refer to R9.6.3 for more 
information. 

‘ Av,min ‘ JaJi jjSjj 10.6.2.1 

Vu> 0.5(j)Vc Oi^ (jlaUall 

^ dXo&bU ^ (j** ^Lyui (j|R10-6-2-l 

.CjU^jkAl! ijM -IjjaI R9-6-3 cP! 

10.6.2.2 If shear reinforcement is required, Av,min shall be 
the greater of (a) and (b): 


j (i) 4^ (j*^ t ^uiyuj 1 j! 10-6-2-2 


(a) 0.062^^ 

J yt 


(b) 0.35^ 

J yt 

R10.7—Reinforcement detailing 

10.7—Reinforcement detailing 

JtltlUii RIO.7 - 

gitJatiJI 10.7 - 


10.7.1 General 

10.7.1 


10.7.1.1 Concrete cover for reinforcement shall be in 
accordance with 20.6.1. 


.20.6.1 -1 jtiLjiill jiJl f'Uaxll (jjij (j\ 10.7.1.1 


10.7.1.2 Development lengths of deformed and prestressed 
reinforcement shall be in accordance with 25.4. 


^uL-uiU tiij-LuIl JIjiai 10-7-1-2 

.25-4 -1 tiaj 


10.7.1.3 Bundled bars shall be in accordance with 25.6. 


.25.6 ujSj o' v^lO.7.1.3 


10.7.2 Reinforcement spacing 


jftUj 10.7.2 


10.7.2.1 Minimum spacing s shall be in accordance with 
25.2. 


.25.2 5 -« S ai% o' 10.7.2.1 
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10.7.3 Longitudinal reinforcement 

10.7.3 

RIO.7.3 Longitudinal reinforcement 

Jjiall RIO.7.3 

10.7.3.1 For nonprestxessed columns and for prestressed 
columns with average fpe <1.6 MPa, the minimum number 
of longitudinal bars shall be (a), (b), or (c); (a) Three within 
triangular ties (b) Four within rectangular or circular ties (c) 
Six enclosed by spirals or for columns of special moment 
frames enclosed by circular hoops 

RIO.7.3.1 At least four longitudinal bars are required when 
bars are enclosed by rectangular or circular ties. For other tie 
shapes, one bar should be provided at each apex or corner 
and proper transverse reinforcement provided. For example, 
tied triangular columns require at least three longitudinal 
bars, with one at each apex of the triangular ties. For bars 
enclosed by spirals, at least six bars are required. If the 

j^l ^iU^iv\Ij 10.7.3.1 

ji (i) JJxl (yjSfl iaJl ‘ fpe <1-6 MPa 

jt AUalwM CiUlS Ajuji ^ljl£ ‘(^) (^) 

^IjUal ilalJ d.La&bU jl Aluu 

Aj^U AJal^.a 

number of bars in a circular arrangement is less than eight, 
the orientation of the bars may significantly affect the 
moment strength of eccentrically loaded columns and should 
be considered in design. 

tjjij Ujlft JaSit ^jla uU4aa ^jL RIO.7.3.1 

10.7.3.2 For composite columns with structural steel cores, a 
longitudinal bar shall be located at every corner of a 
rectangular cross section, with other longitudinal bars spaced 
not farther apart than one-half the least side dimension of the 
composite column. 

(liUlill Au.uu11j Lai, A^^lJ jj ^LijJ AJaL^ 

.A^Lla 

A^^^ AI^aII SXo&VI 4jljAlj 

(>4 A_a3 JS ^ ^ 

^ A^aJ iilUA 4t.^l^ AJsauIjj 

dj£ ^LauVI dl^l iA^Lu ^ Jii 

i A^U^Vl A.^^)aI| d.Lft&bU AjA.iilllj 10.7.3.2 

JjAxU JiVl A^l^l L.i^ (jA Jxji d.^1^ 

^ ^LojAVI AIa^aII d.la&Vl 

10.7.4 Offset bent longitudinal reinforcement 


Jjlall juLuh SaIJVI 10.7.4 


10.7.4.1 The slope of the inclined portion of an offset bent 
longitudinal bar relative to the longitudinal axis of the 
column shall not exceed 1 in 6. Portions of bar above and 
below an offset shall be parallel to axis of column. 


^IjV (3^LaIl 10.7.4.1 

UJ^ .6 45^ 1 (^\ AjmuIIj 

A^l^ A.^!jVl 


10.7.4.2 If the column face is offset 75 mm. or more, 
longitudinal bars shall not be offset bent and separate 
dowels, lap spliced with the longitudinal bars adjacent to the 
offset column faces, shall be provided. 


A^lji ^ 4 ji 75 mm Aaj a^iji Cn)S iJl 10.7.4.2 

^ A.^jV 


10.7.5 Splices of longitudinal reinforcement 

RIO.7.5 Splices of longitudinal reinforcement 

jtiLuili ^ 10.7.5 

10.7.5.1 General 

10.7.5.1 

^ RIO.7.5 

RIO.7.5.1 General 

RIO.7.5.1 

10.7.5.1.1 Lap splices, mechanical splices, butt welded 
splices, and end-bearing splices shall be permitted. 


10.7.5.1.1 
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10.7.5.1.2 Splices shall satisfy requirements for all factored 
load combinations. 

JU»,Sh tJjSl jjI Siisl jjll 10.7.5.1.2 


RIO.7.5.1.2 Frequently, the basic gravity load combination 
will govern the design of the column itself, but a load 
combination including wind or earthquake effects may 
induce greater tension in some column bars. Each bar splice 
should be designed for the maximum calculated bar tensile 
force. 

i RIO.7.5.1.2 

iilij ^ Loj i. 

^ AwJl 


10.7.5.1.3 Splices of deformed reinforcement shall be in 
accordance with 25.5 and shall satisfy the requirements of 

10.7.5.2 for lap splices or 10.7.5.3 for end-bearing splices 

25.5 Qjij (ji 10.7.5.1.3 

10.7.5.3 ji 10.7.5.2 cjljUal.j ^ J 


RIO.7.5.1.3 For the purpose of calculating fd for tension lap 
splices in columns with offset bars. Fig. RIO.7.5.1.3 
illustrates the clear spacing to be used. 

(J Jilll jj Id (jijil RIO.7.5.1.3 

10.7.5.1.3 ‘ Clilj 

.it 



10.7.5.2 Lap splices 


Fig. RIO.7.5.1.3—Offset column bars. 


^U! - 3-1-5-7-10 


JJiiJidl jilt 10.7.5.2 


RIO.7.5.2 Lap splices—In columns subject to moment and 
axial force, tensile stresses may occur on one face of the 
column for moderate and large eccentricities as shown in 
Fig. RIO.7.5.2. If such stresses occur, 10.7.5.2.2 requires 
tension splices to be used. The splice requirements have been 
formulated on the basis that a compression lap splice has a 
tensile strength of at least 0.25fy. Therefore, even if columns 
bars are designed for compression according to 10.7.5.2.1, 
some tensile strength is inherently provided. 

Sjilij ^Jxl AxJaLkh ^ - AiilJldl RIO.7.5.2 

JLluibU ijA ijiC’ i 

JLa 10.7.5.2 ^ jA LoS .ijtt 

■ -.I ai.i*.' ^lAklul 10.7.5.2.2 tlajkJah »AA 

JsSh SjS AjaI <U^IJaa1 I ^Lui ^jiC' 

J Ui ,>iU tA.>c^| ij\AAa^ ^ tiiUllfy, 0.25 

.l ^ . 'i« , ulat A*iJl Sja (ji»j j^jj fuj 4 10.7.5.2.1 
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10.7.5.2.1 If the bar force due to factored loads is 
compressive, compression lap splices shall be permitted. It 
shall be permitted to decrease the compression lap splice 
length in accordance with (a) or (b), but the lap splice length 
shall be at least 300 mm. 

(a) For tied columns, where ties throughout the lap splice 
length have an effective area not less than 0.0015hs in both 
directions, lap splice length shall be permitted to be 
multiplied by 0.83. Tie legs perpendicular to dimension h 
shall be considered in calculating effective area, (b) For 
spiral columns, where spirals throughout the lap splice length 
satisfy 25.7.3, lap splice length shall be permitted to be 
multiplied by 0.75. 


'/yj* i iauSa jA 10.7.5.2.1 

Jjla 

Jjia ijjSj (ji ‘ (v) {}) ^ 

.JaVl ^ 300 mm 

Jjia cliLjliil SxicbU 

i O.OOlShSU^ 

0 0.83 Jjia Ai&LJa.aj 

i tXacbU (u). ^Lui.dl uLui^ Ale 

i 25.7.3 <tluaj JjJa diUlill 

.0.75 -J JjJa 


10.7.5.2.2 If the bar force due to factored loads is tensile, 
tension lap splices shall be in accordance with Table 


10.7.5.2.2. 


'.'yj* i aAII ^ JLa^bU ^yj*‘ aj2 dulS |j| 10.7.5.2.2 

.10.7.5.2.2 tsij SJilJldl o' 



0^f,S0.5fy 
on tension 
face of member, 
see Table 10.7.5.2.2 
(Class A splices 
allowed with 
certain conditions) 


fs>0.5fyOn 
tension face 
of member, 
see Table 10.7.5.2.2 
(Class B splices 
required) 



Fig. RIO.7.5.2—Lap splice requirements for columns. 

.aitf-bu SJilAldl jiil ijjljJkL, Rio.7.5.2 

RIO.7.5.2.1 Reduced lap lengths are permitted if the splice is 
enclosed throughout its length by sufficient ties. The tie leg 
areas perpendicular to each direction are calculated 
separately. An example is provided in Fig. RIO.7.5.2.1, 
where four legs are effective in one direction and two legs in 
the other direction. Compression lap lengths may also be 
reduced if the lap splice is enclosed throughout its length by 
spirals due to increased splitting resistance. 

Clul£ I j| A RIO.7.5.2.1 

CjIA A aU ^ ^Ua^j 

‘ 1-2-5-7-10 Jl" Jjii. 9-1^ 91^' JS ^ UAj.ac JaULUI 

J£, al^VI (jJLjij A^Ij al^l AxjjVI (jLuih UJ^ ‘‘''J'' 

lliLa A.aU| ^j» Jaa'I A.aU| Jljlai Liaai ^ 

9AI^ Ajawil^ 



Direction 1; 4/ta2 0.0015/iiS 
Direction 2:24^0.0015/12$ 
where 4 is the area of the tie 

Fig. RIO.7.5.2.1—Example of application of 10.7.5.2.1(a). 

.(i) 10.7.5.2.1 JA^I JllaR.10.7.5.2 -10 
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Table 10.7.5.2.2—Tension lap splice class 

AtiU 41^jll 4ja - 10.7.5.2.2 


Tensile 

bar stress 

Splice details 

Splice 

type 


< 50% bars spliced at any section and lap splices 
on adjacent bars staggered by at least 4 

Class A 

Other 

Class B 

>0.5/, 

All cases 

ClassB 


10.7.5.3 End-bearing splices 

^>11 10.7.5.3 

10.7.5.3.1 If the bar force due to factored loads is 
compressive, end-bearing splices shall be permitted provided 
the splices are staggered or additional bars are provided at 
splice locations. The continuing bars in each face of the 
column shall have a tensile strength at least 0.25fy times the 
area of the vertical reinforcement along that face. 

^ sjS ljjlO.7.5.3.1 

^ ji (ji 

^ 9j.alui.all jlLal ^ AuSLlal 

^jluilll ^Luia (jji 0.25fy Jj.axll (jA 4.^J Jl 

.4aj 1I 1 j* Jjla (_jle yduijll 

10.7.5.3.2 For composite columns, ends of structural steel 
cores shall be accurately finished to bear at end-bearing 
splices, with positive provision for alignment of one core 
above the other in concentric contact. Bearing shall be 
considered effective to transfer not greater than 50 percent of 
the total compressive force in the steel core. 

jVjill aljl ji ^jujJ I jaII aXacSU iLauiUb 10.7.5.3.2 

^ 1 ^jlall JoiaAllI 4lc J.aaHl 

^ Vt&A JaA^llj jalu. j^jalia JL^L J^VI dijll jLuiaU 

.jVjill 5ljj Jaiilall aji !>« 750 Cf' Ajuil 


10.7.6 Transverse reinforcement 
10.7.6.1 General 


juiuiill 10.7.6 


10.7.6.1 

10.7.6.1.1 Transverse reinforcement shall satisfy the most 
restrictive requirements for reinforcement spacing. 


I 'jja' j^Sh Cjbllalall 


-10.7.6.1.1 

.*'1 jcbal 


COMMENTARY 


RIO.7.5.3 End-bearing splices 

Jjhl] Jiaabll RIO.7.5.3 

RIO.7.5.3.1 Details for end-bearing splices are provided in 
25.5.6. 


.25.5.6 (J cjiUuajiU diuaU2 fUj RIO.7.5.3.1 


RIO.7.5.3.2 The 50 percent limit on transfer of compressive 
load by end-bearing on ends of structural steel cores is 
intended to provide some level of tensile strength at such 
splices, up to 50 percent, because the remainder of the total 
compressive load in the steel core is to be transmitted by 
splice plates, welds, or other mechanisms. This provision is 
intended to ensure that splices in composite columns meet 
essentially the same tensile strength requirements as 
conventionally reinforced concrete columns. 

J.^1 Ji:i 4JL.11 ^ 50 jlUll JaJb R10.7.5.3.2 

uLall aljl Cjb^.1 ^jkll Ja.a^llll Alauiljj ^Uli 

i aJA j1& Ja^I ajA Qa Qaila ^jjaal. j^ja A-jilbalVl 

JaIu ji jA jVj^l ulad ^ la«.Ala" ,,fl&ll d>a^l ^b jV ‘ ^Lall ^ 50 
IJA (JA jlajiLlI, ^J^l jl ( JjLaL^lj Jj^bA^jlll j^5bll (Jajla 
^^AAdbjji J^A^ A^jalj aJa&Vl ^ ib5bA^jall j'l (ja jSlall jA *S.vU 
_a j ^jla'^ll 4 .v1..iaU ^Uajj^I aJa&i ‘ -a* JaaiII dj2 Jjbllala 

RIO.7.6 Transverse reinforcement 

^^^jxll jaaLjiall RIO.7.6 

RIO.7.6.1 General 

RIO.7.6.1 
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10.7.6.1.2 Details of transverse reinforcement shall be in 
accordance with 25.7.2 for ties, 25.7.3 for spirals, or 25.7.4 
for hoops. 


iiiUllU 25.7.2 4 £3aj jxll juluull J^Lii (ji 10.7.6.1.2 

.(jljlabU 25.7.4 ji ‘ Cl jjlaJi liUliU 25.7.3 ji ‘ C4alu«Jl 


10.7.6.1.3 For prestressed columns with average fpe >1.6 
MPa, transverse ties or hoops need not satisfy the 16db 
spacing requirement of 25.7.2.1. 


fpe > 1.6 MPa ^ 9±»eiU 10.7.6.1.3 

16db cjUliaid (3^^^ cjUlil) ^54 V ^ 

.25.7.2.1 J 


10.7.6.1.4 For composite columns with a structural steel 
core, transverse ties or hoops shall have a minimum db of 
0.02 times the greater side dimension of the composite 
column, but shall be at least No. 10 and need not be larger 
than No. 16. Spacing shall satisfy 25.7.2.1, but not exceed 
0.5 times the least dimension of the composite column. 
Deformed wire or welded wire reinforcement of equivalent 
area shall be permitted. 

RIO.7. 6 . 1.4 Research (Tikka and Mirza 2006) has shown 
that the required amount of tie reinforcement around the 
structural steel core is sufficient for the longitudinal bars to 
be included in the flexural stiffness of the composite column 
as permitted by 6.2.5.2 and 6.6.4.4.5. 

jljLdl oi Mirza 2006) j (Tikka RIO.7.6.1.4 

Q\ i ^1.4^1 dl^ 10-7-6-1-4 

^ aj-a 0.02 db ji tliUmi (jjSj 

'ij 10 u' ‘ jjSSII 

V (jSJj i 25.7.2.1 Jftlfill (ji .16f^j (> u' 

iillwi jl iillwU cilxJal 0.5 

jji Aj jk LaS ^ 

6.6.4.4.5. j 6.2.5.2 

RIO.7.6.1.5 All longitudinal bars in compression should be 

10.7.6.1.5 Longitudinal reinforcement shall be laterally 
supported using ties or hoops in accordance with 10.7.6.2 or 
spirals in accordance with 10.7.6.3, unless tests and 
structural analyses demonstrate adequate strength and 
feasibility of construction. 

enclosed within transverse reinforcement. Where 
longitudinal bars are arranged in a circular pattern, only one 
circular tie per specified spacing is required. This 
requirement can be satisfied by a continuous circular tie 
(helix), with the maximum pitch being equal to the required 
tie spacing. It is prudent to provide a set of ties at each end of 
lap spliced bars, above and below end-bearing splices, and at 

ji cjUlili 10.7.6.1.5 

^ CjUIUi ji 10.7.6.2 ^ (3^ 

^ ^ i 10.7.6.3 

minimum spacings immediately below sloping regions of 
offset bent bars. Precast columns with cover less than 40 
mm., prestressed columns without longitudinal bars, columns 
of concrete with small size coarse aggregate, wall-like 
columns, and other unusual columns may require special 
designs for transverse reinforcement. 

^laLoj ^ M^IO.7.6.1.5 

iajj JajA^I 1.^ 

JjIjlIII (jjLuu ^ 

dtlofrl . 1 I& Jajjjjil 

(jA >^1 t Jiuuij iajjll 

^LaaVI SjaaL^ 

a^jaaa Saa^VIj i 40 mm u*^ ^Uaxll 4^1aa Saa^VI 

^ dAA&ij i^jia ^ 

SAa&Ij ( ^UaAJ d.lA&lj 
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10.7.6.1.6 If anchor bolts are placed in the top of a column or 
pedestal, the bolts shall be enclosed by transverse 
reinforcement that also surrounds at least four longitudinal 
bars within the column or pedestal. The transverse 
reinforcement shall be distributed within 5 in. of the top of 
the column or pedestal and shall consist of at least two No. 
13 or three No. 10 bars. 

ji ^ fc - i j/u l) ^ 10.7.6.1.6 

Liajl j^Lui.ah (ji 

ji Jj.aiLll JiSh 

(> 6j%i Cjkll sJftlill ji ^Jc■\ iy> 5 Jjik ^ 

10. ji 13 f^J 

10.7.6.2 Lateral support of longitudinal bars using ties or 
hoops 

j| i UU*, ....'l cjUl£ll .1 'I 10.7.6.2 

Jljtvi 

10.7.6.2.1 In any story, the bottom tie or hoop shall be 
located not more than one-half the tie or hoop spacing above 
the top of footing or slab. 

(jjla jl <uliui ^ "il (ji i 10.7.6.2.1 

10.7.6.2.2 In any story, the top tie or hoop shall be located 
not more than one-half the tie or hoop spacing below the 
lowest horizontal reinforcement in the slab, drop panel, or 
shear cap. If beams or brackets frame into all sides of the 
column, the top tie or hoop shall be located not more than 75 
mm. below the lowest horizontal reinforcement in the 
shallowest beam or bracket. 

c> uk.\ V (ji I ^3jlia ^ 10.7.6.2.2 

ji 1 JSVI Jiuii (jjlall jl ^ikll JCbj ‘ 

^ ^I^Vl ji dull iJl, ji i 

mm 75 C>» b* ‘ 

ji >^>.>£11 ^ Ci^ 

10.7.6.3 Lateral support of longitudinal bars using spirals 

CjULill 10.7.6.3 

10.7.6.3.1 In any story, the bottom of the spiral shall be 
located at the top of footing or slab. 

^ AjliU jSj (j\ i ^^jLla ^ 10.7.6.3.1 

,Aja5tJ! j! ^LjVI Qa 

10.7.6.3.2 In any story, the top of the spiral shall be located 
in accordance with Table 10.7.6.3.2 

Ajlill ^ I ^jjUa ^ 10.7.6.3.2 

10.7.6.3.2 £iaj 


COMMENTARY 

RIO.7.6.1.6 Confinement improves load transfer from the 
anchor bolts to the column or pier where concrete cracks in 
the vicinity of the bolts. Such cracking can occur due to 
unanticipated forces caused by temperature, restrained 
shrinkage, and similar effects. 

j\ JJ.U 1 II Cmau!) ijA Jij R10.7.6.1.6 

^La£lVlj ^jA A^U Aa^jIa 

,^Laa11 jIjVIj t AjIaI) 


RIO.7.6.2 Lateral support of longitudinal bars using ties or 
hoops 

j| AUU*.,,.,'1 cjLil£ll ^A RIO.7.6.2 

JIjIaVI 


RIO.7.6.2.2 For rectangular columns, beams or brackets 
framing into all four sides at the same elevation are 
considered to provide restraint over a joint depth equal to 
that of the shallowest beam or bracket. For columns with 
other shapes, four beams framing into the column from two 
orthogonal directions are considered to provide equivalent 
restraint. 

0-1 jaVl ji 9 j-ill jAJ»j i ALkLuiAll 9AAtf.iU A^b RIO.7.6.2.2 
t^JjjMA ^^aC- Aj^ (JA^ ^ AajjVI ^ 

jjAiU t jjj^\ JLSa^VI CjIA 9AA&5U AjAAulb, jl 9 ja£I) A^^.4x1 

,^1£a Aj^ (jA A^^a&II SjiaJ^I AjujVl 9j.a£ll 


RIO.7.6.3.2 Refer to RIO.7.6.2.2. 

R10.7.6.2.2.t^l! t^?.jA RIO.7.6.3.2 
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Table 10.7.6.3.2 —Spiral extension requirements at top of 
column 

djUlSlI cjUllala - 10.7.6.3.2 


Framing at column end 

Extension requirements 

Beams or brackets frame into 

all sides of the column 

Extend to the level of the lowest 

horizontal reinforcement in members 
supported above. 

Beams or brackets do not frame 

into all sides of the column 

Extend to the level of the lowest 

horizontal reinforcement in members 
supported above. 

Additional column ties shall extend 
above termination of spiral to bottom 
of slab, drop panel, or shear cap. 

Columns with capitals 

Extend to the level at which the diam¬ 
eter or width of capital is twice that of 
the column. 


10.7.6.4 Lateral support of offset bent longitudinal bars 


10.7.6.4 

10.7.6.4.1 Where longitudinal bars are offset, horizontal 
support shall be provided by ties, hoops, spirals, or parts of 
the floor construction and shall be designed to resist 1.5 
times the horizontal component of the calculated force in the 
inclined portion of the offset bar.. 

•iielO.7.6.4.1 

fUj ^ iJjljlill 4 fJIjiaVI 4 ALialwMlI 

ijM dj«a 1,5 ^ 

10.7.6.4.2 If transverse reinforcement is provided to resist 
forces that result from offset bends, ties, hoops, or spirals 
shall be placed not more than 150 mm. from points of bend. 

(>2 IJI 10.7.6.4.2 

q\ ji ^IjiaVl ji AldaluiAl) i 4.^ljVl 

.f.Liaj'ill ilii (> 150 mm cf- 4!J2 


10.7.6.5 Shear 


10.7.6.5 


10.7.6.5.1 If required, shear reinforcement shall be provided 
using ties, hoops, or spirals. 


CjUlSlI *t j j^j2 ( j.aSh iJl 10.7.6.5.1 

ji i i ALialuMlI 


10.7.6.5.2 Maximum spacing of shear reinforcement shall be 
in accordance with Table 10.7.6.5.2. 


oJ% (ji 10.7.6.5.2 
.10.7.6.5.2 
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Table 10.7.6.5.2—Maximum spacing of shear reinforcement 

-10.7.6.5.2 


V, 

Maximum s, mm 


Nonprestressed 

column 

Prestressed 

column 

<m{fXd 

Lesser of: 

dll 

m 

600 

>0.33^M 

Lesser of: 

t//4 

m 

300 


CHAPTER 11-WALLS 


11.1—Scope 


-11 


JUll 11.1— 


R11-WALLS 


11.1.1 This chapter shall apply to the design of 
nonprestressed and prestressed walls including (a) through 
(c); 

(a) Cast-in-place (b) Precast in-plant (c) Precast on-site 
including tilt-up 

11.1.1 

•(S) (*) CH j 

^ ^ aj.... 

^La iillj ^ Laj ^ ^aj.... 

11.1.2 Design of special structural walls shall be in 
accordance with Chapter 18. 

,13 (jjii 11.1.2 

11.1.3 Design of plain concrete walls shall be in accordance 
with Chapter 14. 


,14 u'^ 4*^ 11.1.3 


11.1.4 Design of cantilever retaining walls shall be in 
accordance with 22.2 through 22.4, with minimum horizontal 
reinforcement in accordance with 11.6. 


22.2 SijLAll 'ajAiwa* (jjSj (ji 11.1.4 

,11,6 4 liaj 0- Jadl i 22.4 

11.1.5 Design of walls as grade beams shall be in accordance 
with 13.3.5. 


.13.3.5 4 CjIjaS^ UJ% 11.1.5 


gjIjA^lRll- 
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11.2—General 

11.2.1 Materials 


R11.2—General 


^UJIll.2 




^Ull R11.2 


11.2.1.1 Design properties for concrete shall be selected to 
be in accordance with Chapter 19. 

,J9 (j^'i 11.2.1.1 

11.2.1.2 Design properties for steel reinforcement shall be 
selected to be in accordance with Chapter 20. 

4^Ua.a ‘ ^ 11.2.1.2 

.20 J-aill 


11.2.1.3 Materials, design, and detailing requirements for 
embedments in concrete shall be in accordance with 20.7. 

i_yi jxll diUUalal (j\ u^ll.2.1.3 

.20.7 -1 


11.2.2 Connection to other members 


j.-aljdb JL^Vl 11.2.2 


11.2.2.1 For precast walls, connections shall be designed in 
accordance with 16.2. 

.16.2 d t ‘A ftj ...A 2.2.1 

11.2.2.2 Connections of walls to foundations shall satisfy 
16.3. 

.16.3 cjLyjLMjVt^ 11.2.2.2 

11.2.3 Load distribution 

i>adl 11.2.3 

11.2.3.1 Unless otherwise demonstrated by an analysis, the 
horizontal length of wall considered as effective for resisting 
each concentrated load shall not exceed the lesser of the 
center-to-center distance between loads, and the bearing 
width plus four times the wall thickness. Effective horizontal 
length for bearing shall not extend beyond vertical wall joints 
unless design provides for transfer of forces across the joints. 

Jjiall ‘ ubtk diu ^ La 11.2.3.1 

Qa Jfii dJ^J>a ^..ajl^Al VUi jaiaiu 

. jlA^l ^LoAaj udlxuai AajjI Ailj i JLa^VI 

jIj^I da.dli.a ^ Jaji Jaa-a.''!! JUill Jjlall Jlaj i_i^ V 

,Ja.dLkall jjC’ Jill Jli ijiC’ ''aj.aarttll ^ La jll 
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11.2.4 Intersecting elements 

1.2.4 

11.2.4.1 Walls shall be anchored to intersecting elements, 
such as floors and roofs; columns, pilasters, buttresses, or 
intersecting walls; and to footings. 

‘ Axlalildl 11.2.4.1 

‘ AxlaLlLa diLalCJ ji dilj i±aS’\ ji ‘ uijlu4lj 


11.3—Design limits 

11.3.1 Minimum wall thickness 


jlJaJl Jai 11.3.1 


11.3.1.1 Minimum wall thicknesses shall be in accordance 
with Table 11.3.1.1. Thinner walls are permitted if adequate 
strength and stability can be demonstrated by structural 
analysis. 


11.3.1.1 o' 11.3.1.1 


Table 11.3.1.1—Minimum wall thickness h 

hjlJadI JadI - 11.3.1.1 JjJaJl 


Wall type 

Minimum thickness h 

Bearing!'' 

Greater of: 

100 mm 

(a) 

1/25 the lesser of unsupported length 
and unsupported height 

(b) 

Nonbearing 

Greater of: 

100 mm 

(c) 

1/30 the lesser of unsupported length 
and unsupported height 

(d) 

Exterior 

basement 

and 

foundation!'' 

190 mm 

(e) 


[l]OnIy applies to walls designed in accordance with the simplified 
design method of 11.5.3 


.11.5.3 l^j ^ ......U jals [1] 

11.4—Required strength 

<UiUllll.4 - 

11.4.1 General 

11.4.1 


11.4.1.1 Required strength shall be calculated in accordance 
with the factored load combinations in Chapter 5. 

^ J.4^1 11.4.1.1 

.5 


11.4.1.2 Required strength shall be calculated in accordance 
with the analysis procedures in Chapter 6. 


COMMENTARY 


R11.2.4 Intersecting elements 


^dalSldl R11.2.4 


R11.2.4.1 Walls that do not depend on intersecting elements 
for support, do not have to be connected to those elements. It 
is not uncommon to separate massive retaining walls from 
intersecting walls to accommodate differences in 
deformations. 

AxIalSla Xalaj V Jajj Oi*^ Rll.2.4.1 

^ <1 a'<'l AjJUIuVI cijlLdl U^. 

^ diLfitl&VI uLuIuV AxIaUlall 


R11.3—Design limits 

R11.3.1 Minimum wall thickness 


iftta nill R11.3 - 
jlJadl ASUj^ Jai Rll.3.1 


R11.3.1.1 The minimum thickness requirements need not be 
applied to bearing walls and exterior basement and 
foundation walls designed by 11.5.2 or analyzed by 11.8. 

Jluih cjUllalal (jufa* ^jL V Rll.3.1.1 

ji 11,5.2 ^ CjLwiLujVIJ ^ tAl-vtt 

.11.8 jlJi-j 


R11.4—Required strength 

M^Uall ^iUll R11.4 - 
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11.4.1.3 Slenderness effects shall be calculated in accordance 

with 6.6.4, 6.7, or 6.8. Alternatively, out-of-plane 

slenderness analysis shall be permitted using 11.8 for walls 
meeting the requirements of that section. 

. 6.8 ji 6.7 ji 6.6.4 llaj 11.4.1.3 

11.8 ** i iiUj (jA 

11.4.1.4 Walls shall be designed for eccentric axial loads and 
any lateral or other loads to which they are subjected. 

j\j 11-4-1-4 

,^4 JLft^Vl Qa ji CS^^^A^ 

11.4.2 Factored axial force and moment 

aJiu-OAll Cjja-dl Sjill 11.4.2 

11.4.2.1 Walls shall be designed for the maximum factored 
moment Mu that can accompany the factored axial force for 
each applicable load combination. The factored axial force 
Pu at given eccentricity shall not exceed cjrPn.max, where 
Pn,max shall be as given in 22.4.2.1 and strength reduction 
factor cf) shall be that for compression-controlled sections in 
21.2.2. The maximum factored moment Mu shall be 
magnified for slenderness effects in accordance with 6.6.4, 
6.7, or 6.8. 

(ji.u Mu 0^ ^\Aui\ ^ 11.4.2.1 

Vi ‘.'yj, Jll Xwdjil) 

‘ (()Pn Alt Pu sjill JjUli 

22.4.2.1 Lf^ u' ‘ Pn,max4u^ i 

21.2.2 iai4all ^Wa^U ‘.'yj (|) djill ^jt.ija-v'; 

^ 6.7 ^ 6.6.4 (Jl 4.21^411 cj|j^l4i --v .>iA (jjSa Mu 

.6.8 ji 


11.4.3 Factored shear 


A*.i.aall 11.4.3 


11.4.3.1 Walls shall be designed for the maximum in-plane 
Vu and out-of-plane Vu. 

j Vu jja*aa ^ (_yfla »ja (>« JailjaJl ^A^ 11-4-3-1 

Vu 


11.5—Design strength 


11.5.1 General 


l^jUll 11.5 


i»l*11.5.1 


COMMENTARY 

R11.4.1.3 The forces typically acting on a wall are illustrated 
in Fig. R11.4.1.3. 

^ »jl4x.4l 3-1-4-11 Ji44l Rll.4.1.3 



Out-of-plane 
. moment 


Fig. Rll.4.1.3 In-plane and out-of-plane forces. 


.S-La j Jib ajUl - 11.4.1.3 Ji41l 


R11.5—Design strength 


R11.5- 
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11.5.1.1 For each applicable factored load combination, 
design strength at all sections shall satisfy 4>Sn > U, 
including (a) through (c). Interaction between axial load and 
moment shall be considered. 

(jl I. 4..u,j,\lLl 1.5.1.1 

Laj 4 "c[)Sn ^ U" 

(Jr.l q'>\' ^ 4—1^, 

(a) 4)Pn > Pu 

(b) c()Mn > Mu 

(c) 4)Vn > Vu 


11.5.1.2 cf) shall be determined in accordance with 21.2. 

.21.2 ISaj jjj^ u'l t^d) 11.5.1.2 

11.5.2 Axial load and in-plane or out-of-plane flexure 

^UajVl ^ 11.5.2 

11.5.2.1 For bearing walls, Pn and Mn (in-plane or out- 
ofplane) shall be calculated in accordance with 22.4. 
Alternatively, axial load and out-of plane flexure shall be 
permitted to be considered in accordance with 11.5.3. 

Mn j Pn ^ ‘ (jljii^ 11,5.2.1 

^ ^J 44-V \1 J ^AUJJ i iiUj ijji ji. 22.4 ji 

.11.5.3 4 jjU. (lUajVlj Cjja.411 

11.5.2.2 For nonbearing walls, Mn shall be calculated in 
accordance with 22.3. 

.22.3 4 Caij Mn f4j 4 4 laU jjaJl 11.5.2.2 


COMMENTARY 


R11.5.2 Axial load and in-plane or out-of-plane flexure 

^LLa SajIaJI jl (^j14j4a 11 JiU Cjja-ill jAaJi Rll.5.2 


Rll.5.2.2 Nonbearing walls, by definition, are not subject to 
any significant axial force; therefore, flexural strength is not 
a function of axial force. 

Sja 4 4 jjc - jJaij V Rll.5.2.2 
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11.5.3 Axial load and out-of-plane flexure - simplified 
design method 

R 11.5.3 Axial load and out-of-plane flexure - simplified 
design method 

Ja^I 11.5.3 

- (^jIwiaII j ^j.^^^aI1 Ja^I Rll.5.3 

11.5.3.1 If the resultant of all factored loads is located within 
the middle third of the thickness of a solid wall with a 
rectangular cross section, Pn shall be permitted to be 
calculated by; 

R11.5.3.1 The simplified design method applies only to solid 
rectangular cross sections; all other shapes should be 
designed in accordance with 11.5.2. Eccentric axial loads 
and moments due to out-of-plane forces are used to 
determine the maximum total eccentricity of the factored 
axial force Pu. 

iilAwd ^ dJau^All JLa^VI 11.5.3.1 

Pn J ^LAMt^ ( Jjial4AA ^ 

^LI^aII V| V R.11.5.3.1 

J JLa^VI 

Pu Sjill (ijlill ^jS jaII L-fcLiiVl 

(H Vl 

P=0.55/X1 ^ (11.5.3.1) 

" ' [^2h ^ ’ 

When the resultant axial force for all applicable load 
combinations falls within the middle third of the wall 
thickness (eccentricity not greater than h/6) at all sections 
along the length of the undeformed wall, no tension is 
induced in the wall and the simplified design method may be 
used. 

^ILdl h / 6) Cfi -^5:^ (jl.1^1 Jlui fjM JsiUjSh 

iS^ V (■ 

The design is then carried out considering Pu as a concentric 
axial force. The factored axial force Pu should be less than or 
equal to the design axial strength c()Pn calculated using Eq. 
(11.5.3.1). Equation (11.5.3.1) results in strengths 
comparable to those determined in accordance with 11.5.2 
for members loaded at the middle third of the thickness with 
different braced and restrained end conditions. Refer to Eig. 
Rll.5.3.1. 

ji ijM Jsi PU i UJ^ 

.(11.5.3.1) faliiiijlj l 4 jL.»a. faj (|)Pn 

11.5.2 J 9ja ^ juliUl (11.5.3.1) 

liLudl (jM la^jSh ^ ^ 

R11.5.3.1.JiAll .Sj^I 
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11.5.3.2 Effective length factor k for use with Eq. (11.5.3.1) 
shall be in accordance with Table 11.5.3.2. 

4^. (11.5.3.1) k (>l*-«11.5.3.2 

.11.5.3.2 liaj 2)i 

Table 11.5.3.2—Effective length factor k for walls 

U'j'^ k ikalxj - 11.5.3.2 


Boundary conditions 

k 

Walls braced top and bottom against lateral 
translation and: 


(a) Restrained against rotation at one or both 
ends (top, bottom, or both) 

0.8 

(b) Unrestrained against rotation at both ends 

1.0 

Walls not braced against lateral translation 

2.0 


11.5.3.3 Pn from Eq. (11.5.3.1) shall be reduced by c() for 
compression-controlled sections in 21.2.2. 

jJaliiU (|) Pn (11.5.3.1) (> 11.5.3.3 

.21.2.2 (J 3.»lsidl 

11.5.3.4 Wall reinforcement shall be at least that required by 
11 . 6 . 

.11.6 (JaVl jt-iaJl jtAjj o' 11.5.3.4 

11.5.4 In-plane shear 

Jklj 11.5.4 

11.5.4.1 Vn shall be calculated in accordance with 11.5.4.2 
through 11.5.4.8. Alternatively, for walls with hw < 2fw, it 
shall be permitted to design for in-plane shear in accordance 
with the strut-and-tie method of Chapter 23. In all cases, 
reinforcement shall satisfy the limits of 11.6, 11.7.2, and 
11.7.3. 

. dlj 0- SrJjj. 11.5.4.8 11.5.4.2 4 Vn 11.5.4.1 

^ * J A. 4 hw < 2tW(/I® o' 

.11.7.3 j ‘ 11.7.2 ‘ 11.6 (j'l 4*^ 

11.5.4.2 Eor in-plane shear design, h is thickness of wall and 
d shall be taken equal to 0.8fw. A larger value of d, equal to 
the distance from extreme compression fiber to center of 
force of all reinforcement in tension, shall be permitted if the 
center of tension is calculated by a strain compatibility 
analysis. 

h ^ 11,5.4.2 

4 d Qm 4-1^ 4 0.8fWC^O' ‘.'7J0 

^ |j| 4 ^ U^\ cil^i IJA 


COMMENTARY 



Eig. R11.5.3.1—Simplified design of walls, Eq. (11.5.3.1) 
versus 11.5.2. 

. (11.5.3.1) Jjl*-!' ‘ o'j'isJl La-aa Rll.5.3.1 - 

.11.5.2 


R11.5.4 In-plane shear 

j^jaaaaII (JiU (JasaII R1 1.5.4 

R11.5.4.1 Shear in the plane of the wall is primarily of 
importance for structural walls with a small height-to-length 
ratio. The design of taller walls, particularly walls with 
uniformly distributed reinforcement, will likely be controlled 
by flexural considerations. Possible exceptions may occur in 
tall structural walls subject to strong earthquake excitation. 

0! Rll.5.4.1 

CjIj A^l^j i JjiaVI ^ 

,JjVS jIjY 
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11.5.4.3 Vn at any horizontal section shall not exceed 
0.»3^'hd. 

9.S3^'hd. jjLajL Vi Jlal. J Vn 11.5.4.3 

11.5.4.4 Vn shall be calculated by: 

Vn 11.5.4.4 

Vn = Vc +Vs (11.5.4.4) 

11.5.4.5 Unless a more detailed calculation is made in accordance 

with 11.5.4.6, Vc shall not exceed for walls subject to 

axial compression or exceed the value given in 22.5.7 for walls 
subject to axial tension. 

Vi ‘ 11.5.4.6 4 llsj j^i ^ ^ U 11.5.4.5 

'LiajJ^ 22.5.7 atlw a'l 

11.5.4.6 It shall be permitted to calculate Vc in accordance with 
Table 11.5.4.6, where Nu is positive for compression and negative 
for tension, and the quantity Nu/Ag is expressed in MPa. 

Nu i 11.5.4.6 £iaj Vc 11.5.4.6 

IMPn Nu / Ag ^ Au.aSllj i luill ^Lwjj t.>* 


Table 11.5.4.6—Vc: nonprestressed and prestressed walls 

AljjoiAj aX^jma Vet ~ 11.5.4.6 


COMMENTARY 


R11.5.4.3 This limit is imposed to guard against diagonal 
compression failure in shear walls. 

a'j-i?' JalxJajVI JiuS qa ^ Rll.5.4.3 


R11.5.4.6 Expressions (a) through (e) in Table 11.5.4.6 may 
be used to determine Vc at any section through a shear wall. 
Expression (d) corresponds to the occurrence of web shear 

cracking at a principal tensile stress of approximately 
at the centroid of the shear wall cross section. Expression (e) 
corresponds approximately to the occurrence of flexure-shear 
cracking at a flexural tensile stress of at a section fw/2 

above the section being investigated. As the term (Mu/Vu - 
fw/2) decreases, (d) will control; (d) should be used even 
when this term becomes negative. 


11.5.4.6 J (^) (') ul.jRll.5.4.6 

('^) (jA ^ Vc V 

A Ua o.33x.^ 77 ^‘ “j 

(c) cl^^. ^ 

^laLdl (w / 2 


(ji i_i^ ‘ 


(Mu / Vu - (w / 2) 

iajAil I.U UJ^ 


Table 11.5.4.6—Vc: nonprestressed and prestressed walls 


CalculatioD 

option 

Axial force 

K 


Simplified 

Compression 

o.nk^w 

(a) 

Tension 

Greater 

of: 

O.I7fl + ^^ 

V ) 

(b) 

0 

(c) 

Detailed 

Tension or 
compression 

Lesser 

of: 

02ik4T:hd^^ 

(d) 

Equal 

.... 

hd 

negative. 

(e) 

o.ositVA + 

V. 2 

on shall not apply if (MJVy-iJl) is 
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11.5.4.7 Sections located closer to wall base than a distance 
€w/2 or one-half the wall height, whichever is less, shall be 
permitted to be designed for Vc calculated using the detailed 
calculation options in Table 11.5.4.6 at a distance above the 
base of fw/2 or one-half the wall height, whichever is less. 

Rll.5.4.7 The values of Vc calculated from (d) and (e) in 
Table 11.5.4.6 at a section located a distance above the base 
of fw/2 or hw/2, whichever is lesser, apply to that section 
and all sections between it and the base. However, the 
maximum factored shear force Vu at any section, including 
the base of the wall, is limited to the upper bound on Vn in 

(jA Sj&La c 11,5.4.7 

Vc ‘ ‘ ji Iw / 2 ^'aaa 

11.5.4.6 uLa^I 

.Jfii Ia^I 4 t iflArfii ji (w / 2 ^Laa 

accordance with 11.5.4.3. 

11.5.4.6 (e) j (d) (> Vc ^ Rll.5.4.7 

‘ Jii '-‘fji ‘ hw / 2ji tw / 2 uk- ^ ^ 

a liUj oaj J lillj 

iilij ^ Loj i ^ Vu 

.11.5.4.3 4 llij Vn 

11.5.4.8 Vs shall be provided by transverse shear 
reinforcement and shall be calculated by: 

Rll.5.4.8 Equation (11.5.4.8) is presented in terms of shear 
strength Vs provided by the horizontal shear reinforcement 
for direct application in 11.5.4.4. Vertical shear 

I^jLa^ ^tAAill AisAuljj Vs jjSjj ^ 11.5.4.8 

^^UsauIjJ 

reinforcement should also be provided in accordance with 

11.6 and the spacing limitation of 11.7.2. 

v4 /Via? 

f; = ^ Cl 1-5.4. 8) 

s 

Vs ^ (11.5.4.8) o^je jxijRll.5.4.8 

l4aj| 11.5.4.4 j4U4l (JajlalU IAjSjj 

.11.7.2 JadI j 11.6 4 llij ^^j^aadl 

11.5.5 Out-of-plane shear 


jjLi 11.5.5 


11.5.5.1 Vn shall be calculated in accordance with 22.5. 


.22.5 4 Vn 11.5.5.1 
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11 .6—Reinforcement limits 

eitlirtill - 

11.6.1 If in-plane Vu < 0.54)Vc, minimum pf and minimum 
pt shall be in accordance with Table 11.6.1. These limits 
need not be satisfied if adequate strength and stability can be 
demonstrated by structural analysis. 

•laJi ijjSj (ji i vu < 0.5(|)Vc 11.6.1 

UJ^ u' fjl! 11.6.1 pt JaJlj pf 

Table 11.6.1—Minimum reinforcement for walls with in¬ 
plane Vu < 0.5c()Vc 

- 11 . 6.1 

Vu<0.5(|)Vc 


Wallh^e 

Type of Donprestressed 
rekforcement 

Bar/wire 

size , MPa 

Minim am 
loBgitndiial^v Pi 

Minim am 
transs^rse, p, 

Casl-m- 

place 

DefcTEedMTS 

<No. 16 

>«0 

0.0012 

0.0020 

<420 

0.0015 

0.0025 

>No. 16 

Any 

0.0015 

0.0025 

Welded-wire 

reinforcemeid 

<Nw:oo 

orMDIOO 

Am’ 

0.0012 

0.0020 

Pretast^^ 

Defcnued'MTS 

orwelffed-wire 

reinforcemeat 

Any 

Any’ 

0.0010 

0.0010 


[l]Prestressed walls with an average effective compressive stress of 
at least 1.6 MPa need not meet the requirement for minimum 
longitudinal reinforcement p£. 

[2]In one-way precast, prestressed walls not wider than 3.7 m and 
not mechanically connected to cause restraint in the transverse 
direction, the minimum reinforcement requirement in the direction 
normal to the flexural reinforcement need not be satisfied. 

1.6 MPa V JUi hiuJa laujla j-* *1mma V[1] 

p£. cjUllala 

3.7 m ^Iaauaj i.urtll ^Iaaua ^ [2] 

V i jxll 

CjUliala ^ 


COMMENTARY 


R11.6—Reinforcement limits 

ei»l»rtill R11.6— 

R11.6.1 Both horizontal and vertical shear reinforcement are 
required for all walls. The distributed reinforcement is 
identified as being oriented parallel to either the longitudinal 
or transverse axis of the wall. Therefore, for vertical wall 
segments, the notation used to describe the horizontal 
distributed reinforcement ratio is pt, and the notation used to 
describe the vertical distributed reinforcement ratio is pf. 

i_ajjxj ^ jllj Jtiluij i.;JjlIajR 11 . 6.1 

jl Lai jl^ ^jlwull 

* .. aU i abAjji^l Jajl^l ^lal^ ^1 Maaavllj ( dllll 

' .iaU j.ajllj 4 pt jX A^^VI ^j^^l ^jL 

pt J* jtAuull 

Transverse reinforcement is not required in precast, 
prestressed walls equal to or less than 3.7 m width because 
this width is less than that in which shrinkage and 
temperature stresses can build up to a magnitude requiring 
transverse reinforcement. In addition, much of the shrinkage 
occurs before the members are connected into the structure. 
Once in the final structure, the members are usually not as 
rigidly connected transversely as monolithic concrete; thus, 
the transverse restraint stresses due to both shrinkage and 
temperature change are significantly reduced. 

V ,^1 Jl^VI (jlj.A^I ^ ,_,.4idjjill ^uluilll iajiuu V 

la^uSa Ajj ^1 jjj jji J*^l li* (jV m 3.7 

^uluij ^I SjIj^I ^LoilVI 

11^. JU^I ^LftSlVI 4^4.1^ 4 tillj ^1 

‘p'l ‘'a''- Ji.4^ ^L4.^VI 03^ ‘ " ^1 Jj4.djll 

Auklll Liji .>ill ^ 4 ^LUbj _4l . A ^1.441 jk Jlu ijiC’ 

The minimum area of wall reinforcement for precast walls 
has been used for many years and is recommended by the 
Precast/Prestressed Concrete Institute (PCI MNL-120) and 
the Canadian Concrete Design Standard (2009). 

4lj!^iU44l ^*-^1' AAyjLA ^O.A^I ^Ui444j ^ ^^JVI .1^1 *t ^-V*.. .il ^ 

jl^.^VI I 4-14^1 ^L44JJ^I 4^* 44 ^ 

.(2009) 33L444>1i jjjbuij (PCI MNL-120) 

Reduced minimum reinforcement and greater spacings in 
11.7.2.2 are allowed recognizing that precast wall panels 
have very little restraint at their edges during early stages of 
curing and develop less shrinkage stress than comparable 
cast-in-place walls. 

i_ijalllj 11.7.2.2 ^L444.dl tJbJj ^lA4ju1| Qm ^JVI .^1 ^la44U 

Aift ..wArill lya jja ylft SjAlaJl (jlJj^l 5Jajlj (ji 

(jljJ^ (J^LaSjVI >^ 1^1 44-vIU aII ^ dj£^l J^IjaII 

,^^^l 4^j444ajll 
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11.6.2 If in-plane Vu > 0.54>Vc, (a) and (b) shall be satisfied: 

(a) pf shall be at least the greater of the value calculated by 
Eq. (11.6.2) and 0.0025, but need not exceed pt in 
accordance with Table 11.6.1. 

pf > 0.0025 H- 0.5(2.5 - hw/fw)(pt - 0.0025) (11.6.2) 

(b) pt shall be at least 0.0025 

(bj (a) ‘ Vu > 0.5(t)Vc 11.6.2 

, ^.. 0^1 JiVl Cx3^ pf (a) 

11.6.1 Ilia pt o' V ‘ 0.0025 j (11.6.2) 

pf > 0.0025 + 0.5(2.5 - hw/fw)(pt - 0.0025) (11.6.2) 

0.0025 A V pt (4*) 

11.7—Reinforcement detailing 

11.7- 

11.7.1 General 

j»l*11.7.1 

11.7.1.1 Concrete cover for reinforcement shall be in 
accordance with 20.6.1. 

.20.6.1 jilt ^Uaill oi% 6' 4*^ 11.7.1.1 

11.7.1.2 Development lengths of deformed and prestressed 
reinforcement shall be in accordance with 25.4. 

oJl'XJi') Jljlai o'l 11.7.1.2 

.25.4 4 

11.7.1.3 Splice lengths of deformed reinforcement shall be in 
accordance with 25.5. 

.25.5 4 CSij jtiLjiil Jljlai tjjij (ji 11.7.1.3 


COMMENTARY 

R11.6.2 For monotonically loaded walls with low heightto- 
length ratios, test data (Barda et al. 1977) indicate that 
horizontal shear reinforcement becomes less effective for 
shear resistance than vertical reinforcement. This change in 
effectiveness of the horizontal versus vertical reinforcement 
is recognized in Eq. (11.6.2); if hw/fw is less than 0.5, the 
amount of vertical reinforcement is equal to the amount of 
horizontal reinforcement. If hw/fw is greater than 2.5, only a 
minimum amount of vertical reinforcement is required 
(0.0025sh). 

i Jjiall ^ .>ia-v *a\I uiuJlj j4aUjllj R11,6.2 

2^4*41 ij\ ijl\ (Barda et al. 1977) cjUU 

IjlC' cijull flj, AalbiS Jsi 

i, (11.6.2)Jj'*- 4I jh jtiLjijh ^l»i ^ jj4u1I Ija 

jl.^ jIjLi (jli i 0.5 c>> hw / tw '^! 

(yjVl JaJl j»jL 5li i 2.5 j4i hw / tw '^!. ^4*4111 

.(0.0025 sh) g - >' * 4i' l ^ 
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11.7.2 Spacing of longitudinal reinforcement 


^ jJall JC.U11I 11.7.2 


11.7.2.1 Spacing s of longitudinal bars in cast in-place walls 
shall not exceed the lesser of 3h and 450 mm. If shear 
reinforcement is required for in-plane strength, spacing of 
longitudinal reinforcement shall not exeeed £w/3. 


^ (ja cjliLjiAll Vi “^11.7.2.1 

4.^1.^ i4Ua Cuts lit .450 mm j 3h 

Vi t 4.aj1^a11 

. fw / 


11.7.2.2 Spacing s of longitudinal bars in precast walls shall 
not exceed the lesser of (a) and (b); 

(a) 5h (b) 450 mm. for exterior walls or 750 mm. for interior 
walls If shear reinforcement is required for in-plane strength, 
s shall not exceed the smallest of 3h, 450 mm., and fw/3. 


^fjk (jii ejliLuiAll 1.7.2.2 

j (1) jjA Jai 

750 mm ji uU'^ SjauIL (b) 450 mm „„ 5h (i) 

4 ^jHaU ^4^4 (jlS iJl 

fw / 3 j 450 mm j 3h (> j»^i s Vi 


11.7.2.3 For walls with h greater than 250 mm., except 
basement walls and cantilever retaining walls, distributed 
reinforcement for each direction shall be placed in two layers 
paralle with wall faces in accordance with (a) and (b): 

(a) One layer consisting of at least one-half and not 
exceeding two-thirds of total reinforcement required for each 
direction shall be placed at least 50 mm., but not exceeding 
h/3, from the exterior surface, (b) The other layer consisting 
of the balance of required reinforcement in that direction, 
shall be placed at least 20 mm., but not greater than h/3, from 
the interior surface. 


Ijft U 4 250 mm 6^ I^cUjjI jjJj 11.7.2.3 

J&l £^Jja1| 4 

:(v) J (') 4 liij 

(jft JjJj Vj J^Vl ijiC’ t (jA (jjSii 4*^ (i) 

V ‘ 50 mm J^Vl (jlc JSI 4 jjUaAll jtiLAill 

ija 4jj£All Aljlall 2^J (v) . Qm 4 h/3 

ijjtA ‘ 20 mm ijiC’ 4 ^ 

jtJaAill jjA 4 h / 3 (>» 
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11.7.2.4 Flexural tension reinforcement shall be well 
distributed and placed as close as practicable to the tension 
face. 


ujdl ^ ^ 11.7.2.4 

^J.4 ^ 


11.7.3 Spacing of transverse reinforcement 


jxll jtjLjlill jcUllI 11.7.3 


11.7.3.1 Spacing s of transverse reinforcement in cast- 
inplace walls shall not exceed the lesser of 3h and 450 mm. 

If shear reinforcement is required for in plane strength, s 
shall not exceed £w/5. 


lj\ Jill JtiLjijh JjLai Vi 11.7.3.1 

jtaLjij lit .450 nun j 3h 0-“ 

. fw/5 ilfi s 


11.7.3.2 Spacing s of transverse bars in precast walls shall 
not exceed the lesser of (a) and (b): 

(a) 5h (b) 450 mm. for exterior walls or 750 mm. for interior 
walls 

If shear reinforcement is required for in-plane strength, s 
shall not exceed the least of 3h, 450 mm., and fw/5 


^ AaJajaJl ^l^Vl tliliLuiAl) V! ‘-*^11.7.3.2 

J ^ Jdl 

u'j-^ 750 mm ji uU'^ ) 450 mm (v) 

Jii S ^ ^LjlyuJ IjI 

€w / 5 j ) 450 mm j 3h 


11 . 7.4 Lateral support of longitudinal reinforcement 


^uluiuU 11,7.4 


11.7.4.1 If longitudinal reinforcement is required for axial 
strength or if Ast exceeds 0.0 lAg, longitudinal reinforcement 
shall be laterally supported by transverse ties. 


Ast u'^ ajiil ^ulwull iJj 11,7.4.1 

CiUH ^Ag 0.01 


11.7.5 Reinforcement around openings 


cjlaaill JtiLjillll 11.7.5 
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11.7.5.1 In addition to the minimum reinforcement required 
by 11.6, at least two No. 16 bars in walls having two layers 
of reinforcement in both directions and one No. 16 bar in 
walls having a single layer of reinforcement in both 
directions shall be provided around window, door, and 
similarly sized openings. Such bars shall be anchored to 
develop fy in tension at the corners of the openings. 


i_^ i 11.6 JaJi jjlj SiUiVlj 11.7.5.1 

its fjk ^ dilj (jljJ^l 16 j»aj JsVI 

^ ^ CjU (jljJ^l ^ 16 

i_i^. JjLuh Cj|j CjL&Sihj t ‘ its 

_i-,l-v',att bljj ^ ^ fy aJA 


11.8—Alternative method for out-of-plane slender wall 
analysis 

R11.8—Alternative method for out-of-plane slender wall 
analysis 

r jAl-v.-vt 11.8 - 

^JJaAaII r Jv-vVt) R.11.8 - 

11.8.1 General 

j»i*11.8.1 

R11.8.1 General 

j»lfiR11.8.1 

11.8.1.1 It shall be permitted to analyze out-of-plane 
slenderness effects in accordance with this section for walls 
satisfying (a) through (e): 

(a) Cross section is constant over the height of the wall (b) 
Wall is tension-controlled for out-of-plane moment effect (c) 
c()Mn is at least Mcr, where Mcr is calculated using fr as 
provided in 19.2.3 (d) Pu at the midheight section does not 
exceed 0.06fc' Ag (e) Calculated out-of-plane deflection 
due to service loads, As, including PA effects, does not 
exceed £c/150 

R11.8.1.1 This procedure is presented as an alternative to the 
requirements of 11.5.2.1 for the out-of-plane design of 
slender wall panels, where the panels are restrained against 
rotation at the top. Panels that have windows or other large 
openings are not considered to have constant cross section 
over the height of the panel. Such walls are to be designed 
taking into account the effects of openings. Many aspects of 
the design of tilt-up walls and buildings are discussed in ACI 
551.2R and Carter et al. (1993). 

11,8.1.1 

^ 

^ i ]Vicr JSVI jA c|)Mn (c) 

V 19.2.3 IMcr 

jjlai V (e) 0.06fc^ Ag £^LsjjV 1 t Lti\\A ^ Pu 

(illj ^ Iaj 4 jLo^l 

£c/150‘PA 

11,5.2.1 CjUkUl IJA u^jsuRll,8.1.1 

4liUa^LI) .luij ^ 4 4:jUa^ 

5ji ial^l tliUaiUJ) jjjsu V, ^ 

d^A AJa^LJ) 

JjJxIl AaaSUa 4 IIAJ, ^ 

Carter et al. (1993).j ACI 551.2R J ^>UaI1j 

11.8.2 Modeling 

4 ^ 111 . 8.2 


11.8.2.1 The wall shall be analyzed as a simply supported, 
axially loaded member subject to an out-of-plane uniformly 
distributed lateral load, with maximum moments and 
deflections occurring at midheight. 


Ja^ jUjjVI 11.8.2.1 

^jJc. ^ iLAjLi ^UaijL Ja^j 
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11.8.2.2 Concentrated gravity loads applied to the wall above 
any section shall be assumed to be distributed over a width 
equal to the bearing width, plus a width on each side that 
increases at a slope of 2 vertical to 1 horizontal, but not 
extending beyond (a) or (b): 

(a) The spacing of the concentrated loads 

(b) The edges of the wall panel 


(jjS jll ajS jaII JLa^VI (j! 11,8.2.2 

(^\ ^ ^ 

^ La .iLoj V ^ <, 5 ^^ 1 2 cj^ 

dj£ jaII JLo^VI 

ciljiai 


11.8.3 Factored moment 

R11.8.3 Factored moment 

(‘jdl 11.8.3 

f.>ll Rll.8.3 

11.8.3.1 Mu at midheight of wall due to combined flexure 
and axial loads shall include the effects of wall deflection in 
accordance with (a) or (b): 

(a) By iterative calculation using 

R11.8.3.1 The neutral axis depth c in Eq. (11.8.3.1c) 
corresponds to the following effective area of longitudinal 
reinforcement. 

5^ (jiljjj. (11.8.3.1c) c <3»®R11.8.3.1 

Mu = Mua + PuAu (11.8.3.1a) 

^ A^ialol) 

where Mua is the maximum factored moment at midheight of 
wall due to lateral and eccentric vertical loads, not including 

PA effects. Au shall be calculated by: 


fU^Vl Uit.u.a.1 fc ifl.waVu Mu 11.8.3.1 

ji (i) jLo^Vlj 


Mu = Mua + PuAu (11.8.3.1a) 


^ ^ Muu 

(-0^, Cjij^b iiiij Jaaaij vj (A^j£^ A^^ijiij a^l^i 

•AJiAAil^ Au 


A = (11.8.3.1b) 

(0.75)48£’y,, 
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where Icr shall be calculated by: 




/ =- 




aM 
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and the value of Es/Ec shall be at least 6. 

(b) By direct calculation using: 

.6 JaVl Es / Ec ^ Cxs^j 


M.. =■ 


M.. 


5P.t: 


(0.75)48£,4 


(11.8.3.Id) 


11.8.4 Out-of-plane deflection - service loads 

^.1^1 11.8.4 

11.8.4.1 Out-of-plane deflection due to service loads, As, 
shall be calculated in accordance with Table 11.8.4.1, where 
Ma is calculated by 11.8.4.2. 

(. 11-8-4-1 

. 11.8.4.2 -1 Ma 4 *'-^ ‘ 11.8.4.1 1^4“ 

Table 11.8.4.1—Calculation of As 

As - 11.8.4.1 Jj'iaJl 



A 


<(2/3)34 

A =f^lA 
' [k] " 

(a) 

>(2/3)M„ 

4 = (2/3)A„ + (A. (2/3)A„) 

‘ ^ ^ " (M„-(2/3)M„)' " ^ 

(1^) 


R11.8.4 Out-of-plane deflection - service loads 

JLa^i - Rll.8.4 

R11.8.4.1 Test data (Athey 1982) demonstrate that outof- 
plane deflections increase rapidly when the service-level 
moment exceeds 2/3Mcr. A linear interpolation between Acr 
and An is used to determine As to simplify the design of 
slender walls if Ma > 2/3Mcr. Service-level load 
combinations are not defined in Chapter 5 of this Code, but 
they are discussed in Appendix C of ASCE/SEI 7. 

Appendixes to ASCE/SEI 7 are not considered mandatory 
parts of that standard. Eor calculating servicelevel lateral 
deflections of structures. Appendix C of ASCE/ SEI 7 
recommends using the following load combination: 
Dh-O.SLh-W a 


in which Wa is wind load based on serviceability wind 
speeds provided in the commentary to Appendix C of 
ASCE/SEI 7. If the slender wall is designed to resist 
earthquake effects E, and E is based on strength-level 
earthquake effects, the following load combination is 
considered to be appropriate for evaluating the service-level 
lateral deflections 
D H- 0.5L H- 0.7E 
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jjLi cjUj-iill (ji (Athey 1982) cjULu Rll.8.4.1 

IMcr. 3/2 Ladlfr Jjjj 

As ton j Acr 

uLjftj ^ V ]V[> 2 / 3]V[cr. 

^ ^ O^J ^ 0^ 5 ^.1^1 

f i>i ASCE / SEI 7 V ASCE / SEI 7. u-C 

( Ai^L^l ^UaII c-aLuA jLxaII IjA 

.^Uil jAaJl ^ASCE / SEI 7 u- 

D + 0.5L + Wa 

^Ljll clal^jMa JaIIaj 

ASCE / SEI 7. u- C J ^ 

£ ±a1x^ i ^Aaa^a uL^Ill jl.1^1 (jlS IjI 

<JjUtJAAJ A^Ua ^,^^A^aI 1 JAJU ( djill ^jluiA 

^A^aaa ^jlC' Ai^L^l 

D + 0.5L + 0.7E 

11.8.4.2 The maximum moment Ma at midheight of wall due 
to service lateral and eccentric vertical loads, including PsAs 
effects, shall be calculated by Eq. (11.8.4.2) with iteration of 
deflections. 

i-.i.uj.t ji t SiwaVu licjvia ^ 11.8.4.2 

PsAs ^ Laj i JLa^Vl 

^ (11.8.4.2) i 


Ma = Msa +PsAs (11.8.4.2) 


1.8.4.3 Acr and An shall be calculated by (a) and (b); 


:(v) J (') An j Acr 1.8.4.3 


(a)A (11.8.4.3a) 

48£J 

s 


5Mt^ 

(b)A= (11.8.4.3b) 

48£;„ 


11.8.4.4 Icr shall be calculated by Eq. (11.8.3.1c). 


. (11.8.3.1c). 4JjUali Aiauiijj Icr (4i 11.8.4.4 
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CHAPTER 12-DIAPHRAGMS 

R12-DIAPHRAGMS 

<yyliay2ll — 12 

12.1—Scope 

JUll 12.1 

UUy;il4^;il R12- 

R12.1—Scope 

JUll R12.1 

12.1.1 This chapter shall apply to the design of 
nonprestressed and prestressed diaphragms, including (a) 
through (d): 

(a) Diaphragms that are cast-in-place slabs 

(b) Diaphragms that comprise a cast-in-place topping slab on 
precast elements 

(c) Diaphragms that comprise precast elements with end 
strips formed by either a cast-in-place concrete topping slab 
or edge beams 

(d) Diaphragms of interconnected precast elements without 
cast-in-place concrete topping 

R12.1.1 Diaphragms typically are horizontal or nearly 
horizontal planar elements that serve to transfer lateral forces 
to vertical elements of the lateral-force-resisting system (Fig. 
R12.1.1). Diaphragms also tie the building elements together 
into a complete three-dimensional system and provide lateral 
support to those elements by connecting them to the lateral 
force-resisting system. Typically, diaphragms also serve as 
floor and roof slabs, or as parking structure ramps and, 
therefore, support gravity loads. 

4.^ ji 4.^1 Cjluu (jc SjUt 4^ik^Sh ^ >4l£R12.1.1 

12.1.1 

:(J) J!!U. (i) dlj Uj 4 j 

^ ^IaajVI A^a^VI (i) 

jA^Ufr ^ ^jaa^a Ja4^ ^IaajVI Aja^VI (u) 

A^l^ ^IjAA ^ UA^I AI^AAA jA^Ufr Jaa^ A^Ia^VI Aja^VI 

(laljAill uSjia jl ^ ^j^a^a A^Iaaj^ Aa^^ 1& AJa^ ^ja LaI CijjSj 

LJ^ AJajljla «.aa^) Ai^AAA ja^UxII ^ A^La^VI Aaa^VI 

^jaII fjk ^Iaaj^I 

4^i^l Jlj (Jasij 4ji2i 

^ lx.. j.^U& liiaji dj.alll R12.1.1). (4j^<*l-v^t 

l^Jajj Jlslx ija j^dUxll liU^ JIxjVI 

4j3^l^ Uiaji 4^ik^VI J.UJ i ^jlLa jtUu 

^jlxll JL.^i ^Ju ^lUbj uijSj ji i ‘ 

A diaphragm may include chords and collectors. When 
subjected to lateral loads, such as the in-plane inertial loads 
acting on the roof diaphragm of Fig. R12.1.1, a diaphragm 
acts essentially as a beam spanning horizontally between 
vertical elements of the lateral-force resisting system. The 
diaphragm thus develops in-plane bending moments, shears. 

12.1.2 Diaphragms in structures assigned to Seismic Design 
Category D, E, or F shall also satisfy requirements of 18.12. 

and possibly other actions. 

JLa^V (jlajAiL Ladlfr A^IaajVI Aua^VI 

Aaaa&VI Jaxj ^jIuiaII ^ jja^^L JIa^VI JIa 4 A^l^ 

A^Ia^VI Aaa^VI ^ ^ Aa-...u.n A^U^Vl 

AJil Aa^a^^aII CjIaaiaII ^ ^Ia^VI Aua^VI (_g^ (j‘l 12 1 2 

'l8.12 F Jl E ji D Jljljll 

.4j^<*l-vU ajUj 4.^ijll j..^Uxll Juju 

kujj ‘ ‘ jJ^ (jlS 

C5>V1 

Where vertical elements of the lateral-force-resisting system 
do not extend along the full depth of the diaphragm, 
collectors may be required to collect the diaphragm shear 
and transfer it to the vertical elements. 

4^1x11 sjill ^jlLa 4^ijh j.i.dUxll l^.^ Juju V ,^1 cliVlxll 

AujuS-^ ^ jj^ i 4...^^ J.L41I ^Jxxl) 

4^ijh j.i.dUxtl ul\ 4lijj ^LuixU ^LulVI 

The term “distributor” is sometimes used to describe a 
collector that transfers force from a vertical element of the 
lateral-force resisting system into the diaphragm. This 
chapter describes minimum requirements for diaphragm and 
collector design and detailing, including configuration, 
analysis models, materials, and strength. This chapter covers 
only the types of diaphragms listed in this provision. Other 
diaphragm types, such as horizontal trusses, are used 
successfully in buildings, but this chapter does not include 
prescriptive provisions for those other types. 

Jjjx^ ^^u ‘ Ul^i ^ISoj.^ . <4*. „< _ 

,4^L^V1 4x.^Vl 4j^<*l-vU dj^j ijji Qji 

j 4u..^Sh cjUllaldl fju 4x11 IJA ■ 

IIA .djilij J|,JaI|j ^jLajj iiilj ^ Iaj 4 ^a^aI) 

UA ^ ^j.1a1| Aaa^VI Ja^aII 

IIa i ^ ^ A_^V1 jLa 4 A^Ia^VI Aaa^VI 

" jh\ ^ (y^ V 
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12.2—General 

R12.2—General 

^UJI 12.2 

^Uil R12.2 

12.2.1 Design shall consider (a) through (e); 

(a) Diaphragm in-plane forces due to lateral loads acting on 
the building 

(b) Diaphragm transfer forces 

(c) Connection forces between the diaphragm and vertical 
framing or nonstructural elements (d) Forces resulting from 
bracing vertical or sloped building elements 

(e) Diaphragm out-of-plane forces due to gravity and other 
loads applied to the diaphragm surface 

R12.2.1 As partially illustrated in Fig. R12.1.1, diaphragms 
resist forces from several types of actions (Moehle et al. 
2010): 

(a) Diaphragm in-plane forces—Lateral forces from load 
combinations including wind, earthquake, and horizontal 
fluid or soil pressure generate in-plane shear, axial, and 
bending actions in diaphragms as they span between, and 
transfer forces to, vertical elements of the lateral- 
forceresisting system. For wind loading, lateral force is 

;(Jk) (i) jbjftVI jiij o'l 4*^ 12.2.1 

jjiJ) j^Ljd! ji jll jUaVlj ^LwuVl 0^^ JU^VI 

jj (jfr 4^Ull 

JLa^VI A^UIjVI Aja^VI 

generated by wind pressure acting on building cladding that 
is transferred by diaphragms to the vertical elements. For 
earthquake loading, inertial forces are generated within the 
diaphragm and tributary portions of walls, columns, and 
other elements, and then transferred by diaphragms to the 
vertical elements. For buildings with subterranean levels, 
lateral forces are generated by soil pressure bearing against 
the basement walls; in a typical system, the basement walls 
span vertically between floors also serving as diaphragms, 
which in turn distribute the lateral soil forces to other force- 
resisting elements. 

(> (ijs i 12.1.1 jA LaS R12.2.1 

(Moehle et al. 2010):Ji*AVl Sjc 

CjULafr lakJa ji JjVjllj ^ Loj 

fUji 

^ AuMukj 

"A" iaiuSa AJ3.uIjj <LuL^I sjiil 

^ Auatkj ^ 

(jltjLacVl j tikiJ 

^ ^ i dAA&Vlj 

^ bjljjlAAlAi) CjIJ AjaauHj 

j>Uki ^ ‘ ^Uah Cjlh lakua AJsaaiIjj 

^iLoj -At ^|jA^ Alaj t 

^jlC' lAjjAj i 

.jjAil 

(b) Diaphragm transfer forces—Vertical elements of the 
lateral force-resisting system may have different properties 
over their height, or their planes of resistance may change 
from one story to another, creating force transfers between 
vertical elements. A common location where planes of 
resistance change is at grade level of a building with an 
enlarged subterranean plan; at this location, forces may 
transfer from the narrower tower into the basement walls 
through a podium diaphragm (refer to Fig. R12.1.1). 

A^ijil UJ^ ^ ~ A^LijVl Aua^VI Jaj 

CJujLjui JAXAJ AS ji ijiC’ A Sl'A A (jAAil .aaA ijlilj jjih 

,A^ijh jAdUiifi QM sjiil jij c^Ajj Lu 1 

Aj ^ A^ajliAij CAbjluM 

JaIjj as 1 lAA ^ Ci^ IsLau 

Aa^IaII Qa filAAfr Qa ^^ISaaII jA^ 

.(12.1.1 
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(c) Connection forces—Wind pressure acting on exposed 
building surfaces generates out-of plane forces on those 
surfaces. Similarly, earthquake shaking can produce inertial 
forces in vertical framing and nonstructural elements such as 
cladding. These forces are transferred from the elements 
where the forces are developed to the diaphragm through 
connections. 

JJVjll lillj (jlft 

iJiA jdaVI ^ 

VI ^ ^ ^ .i<t> 

lya ^LulVI 


(d) Column bracing forces—Architectural configurations 
sometimes require inclined columns, which can result in 
large horizontal thrusts acting within the plane of the 
diaphragms due to gravity and overturning actions. The 
thrusts can act in different directions depending on 
orientation of the column and whether it is in compression or 
tension. Where these thrusts are not balanced locally by 
other elements, the forces have to be transferred into the 
diaphragm so they can be transmitted to other suitable 
elements of the lateral-force-resisting system. Such forces 
are common and may be significant with eccentrically 
loaded precast concrete columns that are not monolithic with 
adjacent framing. The diaphragm also provides lateral 
support to columns not designed as part of the lateral-force- 
resisting system by connecting them to other elements that 
provide lateral stability for the structure. 

i ^La dXo&i IjU^i CjLLjSllj {^) 

iJA^ (3<a9IJ CjUij (ji 

IjLuCl AllH^ CjlAlaJI ^ (ji (jLu .u^tljVI 

tJA LiAICj ji lakua ^ |j| Laj tl&j) 

AaiLaaVI Aj.a^V 1 CjlJljjil 

dAA ^ A^Lla 

dXa&i ^ Au.4Ai Afij AxILm 

Lo&A ^L^V) Aj.a1&V1 La£ .djjlxAftll CjljUaVI ^ AAAulxxa (3^^ 
JVx fjA A^L^l dj^l ^jlXa fjji p^ dXo&bU 

. IjIjj jfijj ^jxVl jA^Uxlb t4laJJ 

(e) Diaphragm out-of-plane forces—^Most diaphragms are 
part of floor and roof framing and, therefore, support gravity 
loads. The general building code may also require 
consideration of out-of-plane forces due to wind uplift 
pressure on a roof slab and vertical acceleration due to 
earthquake effects. 

^ jdaxa - ^LajVI Axa^VI jxLx ^ 

JLftxi i ‘ CjljUalj A^^jVl Qai 

hiuSa uxau (jc AxjLxll ji^l ^Ixll 

.Jljljll Cjljjjb jll ^ jUauIIj t .atAj.'l Ajailj jjJft 
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12.2.2 Materials 

12.2.2 

12.2.2.1 Design properties for concrete shall be selected to 
be in accordance with Chapter 19. 

,J9 (j^'i 12.2.2.1 

12.2.2.2 Design properties for steel reinforcement shall be 
selected to be in accordance with Chapter 20. 

^ -j-(j^'i 12.2.2.2 

.20 J-iih 



12.3—Design limits 


p — 12.3 - 


12.3.1 Minimum diaphragm thickness 

yjLilVI (lUiill Jai 12.3.1 

12.3.1.1 Diaphragms shall have thickness as required for 
stability, strength, and stiffness under factored load 
combinations. 

^ jA Lft£ Q\ ‘.'yj 12.3.1.1 

Ci^ '‘f-l ■ "y "j CjU^I 

12.3.1.2 Floor and roof diaphragms shall have a thickness 
not less than that required for floor and roof elements in 
other parts of this Code. 


lillj Jij V (ji u^l2.3.1.2 

laA ija t cjU.JajVI ja^UxI 


Fig. R12.1.1—Typical diaphragm actions. 

^LiU^iVl AUiAi&Vl cijA^, R12.1.1 - 

R12.3—Design limits 

iftta nill R12.3 - 

R12.3.1 Minimum diaphragm thickness Diaphragms may be 
required to resist in-plane moment, shear, and axial force. 
For diaphragms that are entirely cast-in-place or comprise 
topping slabs composite with precast members, thickness of 
the entire diaphragm must be sufficient to resist these 
actions. For noncomposite topping slabs, thickness of the 
cast-in-place topping alone must be sufficient to resist these 
actions. Section 18.12 contains specific requirements for 
diaphragms in buildings assigned to Seismic Design 
Categories D, E, and F. In addition to requirements for in¬ 
plane force resistance, diaphragms that are part of floor or 
roof construction must satisfy applicable requirements for 
slab or flange thickness. 


ja.u lilUA ja - ^Uu- R12.3.1 

AjaaaIHj, ^ 

dJA l^l£ A1 a£Ij u^Loaaj (ji i UA^l Ataj..iA 

^Loaaj ‘.'yj t CjIJ CjUa^l^ a^jaa^iUIj, Cjjf Ij^Vl 

i^Ual 3 .aa.aaA a'i ^ Aaa^SU i-ii aiA*A 18.12 

JklJ djilj ^jIa. 4 cjUliaj.a F. J E J D aja-aa*.!! 

‘ jt CjUA.^jVI 4^ (3 ^a^ 4^) Aja^^VI 45^ (ji ‘.'yj i ^jIaaaaII 

, AXAill ^Laaaj ji ^.j J^^^aoxaII cjUUalAlb 
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12.4—Required strength 

R12.4—Required strength 

MjJiall ^jUllR12.4 - 

^iUll 12.4 - 


12.4.1 General 

12.4.1 

Factored load combinations generally require consideration 
of out-of-plane loads that act simultaneously with diaphragm 
in-plane forces. For example, this is required where a floor 

12.4.1.1 Required strength of diaphragms, collectors, and 
their connections shall be calculated in accordance with the 
factored load combinations in Chapter 5. 

beam also serves as a collector, in which case the beam is to 
be designed to resist axial forces acting as a collector and 
bending moments acting as a floor beam supporting gravity 
loads. 

12.4.1.1 

JIa&VI 

A^La^VI Aua^VI ^ ^ Jasj 

( ^a^a£ A^^ji djjS Ja9U LaAlp IIa 0J% ^ JIjaII 

j Jaxj ^jI^aI dJA^j ^ 

.A^jI^I JIa^I A^^ji djA^i Jaxj fU^Vl 

12.4.1.2 Required strength of diaphragms that are part of 
floor or roof construction shall include effects of out-ofplane 
loads simultaneous with other applicable loads. 


12.4.1.2 

^ ^jIuiaU jl ^ 

JLa^VI ^ 


12.4.2 Diaphragm modeiing and anaiysis 

R12.4.2 Diaphragm modeiing and anaiysis 

^Uuill jUi^l 12.4.2 

^Uy;il R12.4.2 

12.4.2.1 Diaphragm modeling and analysis requirements of 
the general building code shall govern where applicable. 
Otherwise, diaphragm modeling and analysis shall be in 
accordance with 12.4.2.2 through 12.4.2.4. 

R12.4.2.1 ASCE/SEI 7 includes diaphragm modeling 
requirements for some design conditions, such as design to 
resist wind and earthquake loads. Where ASCE/SEI 7 is 

12.4.2.1 

A.^AAllj CiJ^ u'^ iiilj (3^^^ 

.12.4.2.4 12.4.2.2 -1 tisj j 

adopted as part of the general building code, those 
requirements govern over provisions of this Code. 

(>i4 4^1.111 cjLilkL. 0-*^ ASCE / SEI 7 R12.4.2.1 

^ Ladlfr, 4 iajj^ 

iliUllaldl tJA (jli i f>UJl (iLLlI JjS f. ASCE / SEI 7 

.J Jill |j* j.lia.i 
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12.4.2.2 Modeling and analysis 
requirements of Chapter 6. 

,5 (liUUala till ^ I 


procedures shall satisfy 


(ji 12.4.2.2 


COMMENTARY 

R12.4.2.2 Chapter 6 contains general requirements for 
analysis that are applicable to diaphragms. Diaphragms are 
usually designed to remain elastic or nearly elastic for forces 
acting within their plane under factored load combinations. 
Therefore, analysis methods satisfying theory of elastic 
analysis are generally acceptable. The provisions for elastic 
analysis in 6.6.1 through 6.6.3 can be applied. Diaphragm in¬ 
plane stiffness affects not only the distribution of forces 
within the diaphragm, but also the distribution of 
displacements and forces among the vertical elements. Thus, 
the diaphragm stiffness model should be consistent with 
characteristics of the building. Where the diaphragm is very 
stiff compared to the vertical elements, as in a low aspect 
ratio, cast-in-place diaphragm supported by moment frames, 
it is acceptable to model the diaphragm as a completely rigid 
element. Where the diaphragm is flexible compared with the 
vertical elements, as in some jointed precast systems 
supported by structural walls, it may be acceptable to model 
the diaphragm as a flexible beam spanning between rigid 
supports. In other cases, it may be advisable to adopt a more 
detailed analytical model to account for the effects of 
diaphragm flexibility on the distribution of displacements 
and forces. Examples include buildings in which diaphragm 
and vertical element stiffnesses have approximately the same 
value, buildings with large force transfers, and parking 
structures in which ramps connect between floors and act 
essentially as bracing elements within the building. For 
diaphragms constructed of concrete slabs, ASCE/ SEI 7 
permits the assumption of a rigid diaphragm if the diaphragm 
aspect ratio falls within a prescribed limit, which is different 
for wind and earthquake loads, and if the structure has no 
horizontal irregularities. ASCE/SEI 7 provisions do not 
prohibit the rigid diaphragm assumption for other conditions, 
provided the rigid diaphragm assumption is reasonably 
consistent with anticipated behavior. Cast-in place concrete 
diaphragms designed with the rigid-diaphragm assumption 
have a long history of satisfactory performance even though 
they may fall outside the ASCE/SEI 7 index values. 

JiC. i'a.U.'l JjKjU A-aUll iJjUJaldl ^ 6 (^i^il2-4-2-2 

ji ^j.a ^ ka 

,djjd4.4ll Alpabilj 

JiU AjAieVl V .6.6.3 6.6.1 UJ^' 

L4aj| 

o' .A^ijll jAAaLi»Jl 

ijjSj LaAlfr .aaA ^ UAAt.a A^L^Vl Aja^VI dfUAi^ 

^ jA LaS tA^ijll jAdUiillj ^jli.a s^Lai^I AjAaa Aja^VI 

^ A^ia^VI .>iaA Ajaau 

AaiL^iVI Aja^pV! Qji iA^lajIl jlaVl ^^.a 

jA^Uxllj Ij^ A^a^&VI kaAlfr .CaLaj c-aL.^ 

AIa^^^I AAjaaaaI) AAai^Vl O^^ lA ka£ aA^i^l 

bjjiil Aja^^VI fjA 

(j‘..-v*;...A\t Qji ,A.4a^1 (jM Ajaj Ajja 

Aaa^VI ^ jIjI JLa^I 

lillj yJft AJIaVI 

A^a^j ^jjaH La^ uaL^j ja^IxI) 

Ja^^ LaA^)^^) ^ djA^I CjIa ^IaaIIj 

Jkb AAafriA ja^Ua£ ^^LajI JSaaj LaAja^^j Qm Jj^I 
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12.4.2.3 Any set of reasonable and consistent assumptions 
for diaphragm stiffness shall be permitted. 

fLuJiIl CjLdIjIlSVl ^jAyA 12.4.2.3 

.1^ ^JA.iaiA ^LwuVl 


COMMENTARY 

AS(3E / ^ Aia^ QA IA^Li^I ^ Aja^SU AjaauIIj 

Aja^VI Aja.uj dull iJl o^^J^^SEI 7 

^ IjIj i JjVjllj JIa^V A.jaaAIj t 4 

u^J ASCE / SEI 7 V .^i cjUIIAa JS^ o% 

jildVl uJ% ^^ A^IaajVI Aja^VI 

Aj.^i ^ C^ljj.a c-lL^I 

CiL^iVI AuiJajfi ^ ^ \tj ^ CiIawjVI 

j>j2 JjLi ^ JS j.»ll ^USll (>a CLall 

ASCE / SEI 7.j-i>Jl 

R12.4.2.3 For low-aspect-ratio diaphragms that are entirely 
cast-in-place or comprise a cast-in place topping slab on 
precast elements, the diaphragm is often modeled as a rigid 
element supported by flexible vertical elements. However, 
effects of diaphragm flexibility should be considered where 
such effects will materially affect calculated design actions. 
Such effects should be considered for diaphragms that use 
precast elements, with or without a cast-in place topping. 
Where large transfer forces occur, as outlined in R12.2.1(b), 
more realistic design forces can be obtained by modeling 
diaphragm in-plane stiffness. Diaphragms with long spans, 
large cutout areas, or other irregularities may develop in¬ 
plane deformations that should be considered in design (refer 
to Fig. R12.4.2.3a). 

For a diaphragm considered rigid in its own plane, and for 
semi-rigid diaphragms, the diaphragm internal force 
distribution can be obtained by modeling it as a horizontal 
rigid beam supported on springs representing lateral 
stiffnesses of the vertical elements (refer to Fig. R12.4.2.3b). 
Effects of in-plane eccentricity between applied forces and 
vertical element resistances, resulting in overall building 
torsion, should be included in the analysis. Elements of the 
lateralforce-resisting system aligned in the orthogonal 
direction can participate in resisting diaphragm plan rotation 
(Moehle et al. 2010). 

^ ^ ,>ia-v *.'l Cj|j 4.2.3 

^ ijiC’ AxjSoja ^ JjAS ji (Jitlillj 

A^ij A^IAjVI ^ La i 

AJ.W1&V1 jt^l ^ 

jIjVI tAA (ji ijjLa jIjVI tAA 

UJ*^ ^ Aja^Lafr * ^ A*. ..I*; Ajai&bU jU^Vl 0^ 

‘ R12.2.1 (b) LaAjc ,Aj*.4a^ 

(Jajla (jt A^lj 

Cjl.^Lwa.ail jl Ajjjialj Cjjj A^.-vl-v\t dj.A£l| d)4.aj 

d^b CjljfcjAtll ^ iilij ji Al^lil) 

AiUaUlj. 12.4.2.3 d^^l j) ^ jLiicVI 

A.^ dijluaa ^ UL.^ A^IAjVI Ajmi&VI 

Axiiaj (Jjjla ^LuiaAl A^4 &Ia 1| tjill ‘ 'bLall 

'■f-l ■ "y'I jLaj ijlC’ CajCrXa A^i XaL^ »j.a£ ijj^ ^ 

i_i^ R12. 4.2.3b). d^^) j ('b.^iijll ja^Llxll A^l&Jl 

ja^Uxll CjLajli.aj A^jixall d^lA 

ja^Uid La.. tA^i^l 

^ ^A.alja^l dl^Vl ^ A Aj^l-vtt 

(Moeble et al. 2010)....^'-4“V1 A.«jlia 
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Fig. R12.4.2.3a—Example of diaphragm that might not be 
considered rigid in its plane. 

V ja R12.4.2.3a - ^j 
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Fig. R12.4.2.3b—Diaphragm in-plane actions obtained by 
modeling the diaphragm as a horizontal rigid beam on 
flexible supports. 

^Luildl uLj^^ R12.4.2.3 b- J^^l 

,^j.a CjLal^J ^jlc- Aj^i dXal^ ^LmIVI Au.wi&VI 
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12.4.2.4 Calculation of diaphragm in-plane design moments, 
shears, and axial forces shall be consistent with requirements 
of equilibrium and with design boundary conditions. It shall 
be permitted to calculate design moments, shears, and axial 
forces in accordance with one of (a) through (e): 

(a) A rigid diaphragm model if the diaphragm can be 
idealized as rigid 

(b) A flexible diaphragm model if the diaphragm can be 
idealized as flexible 

(c) A bounding analysis in which the design values are the 
envelope of values obtained by assuming upper bound and 
lower bound in-plane stiffnesses for the diaphragm in two or 
more separate analyses 

(d) A finite element model considering diaphragm flexibility 

(e) A strut-and-tie model in accordance with 23.2 

R12.4.2.4 The rigid diaphragm model is widely used for 
diaphragms that are entirely cast-in place and for diaphragms 
that comprise a cast in-place topping slab on precast 
elements, provided flexible conditions are not created by a 
long span, by a large aspect ratio, or by diaphragm 
irregularity. For more flexible diaphragms, a bounding 
analysis is sometimes done in which the diaphragm is 
analyzed as a stiff or rigid element on flexible supports and 
as a flexible diaphragm on rigid supports, with the design 
values taken as the envelope of values from the two analyses. 
Finite element models can be suitable for any diaphragm, but 
are especially useful for irregularly shaped diaphragms and 
diaphragms resisting large transfer forces. Stiffness should 
be adjusted to account for expected concrete cracking under 
design loads. For jointed precast concrete diaphragms that 
rely on mechanical connectors, it may be necessary to 

4 ^ 12.4.2.4 

(^1 (i) tiSj 

QlLa ^U^Vl (j\S iJj (i) 

(j^ AjI f LwaJ }j| (jjA f 

23.2 (-fc) 

include the joints and connectors in the finite element model. 
Strut-andtie models may be used for diaphragm design. The 
strut-andtie models should include considerations of force 
reversals that may occur under design load combinations. 

A^a^VI {(12.4.2.4 

AJa^t^l Aja^^Uj llaLoj ^ ^ 4^) Aja^^U 

cijjia fljiul ^ Vi i A^ja.im ja^Up AjLAiaj .4 ^ djAi^lj 

ji i ^j^ja.11 Ajaau ijM 4 JlJiLalj ^jA 

^ 4 j^i A^A^pi JjA^^ .^Ia^jV! A^a^pV! 

luIa^ ja^I&S ^l.A^VI Aja^VI ^ 

^ 4 AuIa^ CjLal^J (J_JA A^Ia^jVI Aja^^ ^_JA CjLal^J jj 

Aua^SU i A.^U.4 jA^UaJ) 

JjJaj uji^ Jill} Ajaai^VIj A^JHIaI} 

AjaauHj ,^aA4^11} jLo^i ^jlol} ^LuujUl ^jl<^!ll} J^l 

4 Ja^LLaII Aajxj ua^I ^Lwj ^LuujUI AoAifrbU 

jA^IaJ} ^ Ja^LLaI} ^jxA^aj ^jjja^} Uv^ 

(ji 4 - 1 ^ .^Ia^jVI Aja^VI Strut-£indtie ^j^aj ^l^H4Ad} ^jLoj 

^ (IjIaaiI^xjI djljLiifr} strut-undtie 

.^oAi^!!!} Jaa-s^a Jla 

12.5—Design strength 

12.5.1 General 

12.5.1 

R12.5—Design strength 

R12.5.1 General 

R12.5.1 

12.5.1.1 For each applicable factored load combination, 
design strengths of diaphragms and connections shall satisfy 
c()Sn > U. Interaction between load effects shall be 
considered. 

R12.5.1.1 Design actions commonly include in plane 
moment, with or without axial force; in plane shear; and 
axial compression and tension in collectors and other 
elements acting as struts or ties. Some diaphragm 
configurations may result in additional types of design 
actions. For example, a diaphragm vertical step can result in 

(ji 4 ^uavlL 12.5.1.1 

out-of plane bending, torsion, or both. The diaphragm is 
required to be designed for such actions where they occur in 
elements that are part of the load path. Nominal strengths are 
prescribed in Chapter 22 for a diaphragm idealized as a beam 
or solid element resisting in-plane moment, axial force, and 

12.5.1.2 cf) shall be determined in accordance with 21.2. 

shear; and in Chapter 23 for a diaphragm or diaphragm 
segment idealized as a strutand-tie system. 

^ ^ dJlfr ^-\d.AA<-aril} (Jjjf } ^} Ja4J4j R12.5.1.1 

^a^aI} ^ Ja^} j JaxA^allj ^jIuiaI) ^ i dj2 

(jdSXi .iajljjl) ji jjI£jI} ^l^Aj Jasj ja^U&II 

.21.2 liij fh 6' (|) 12.5.1.2 

,^aA 4 ^!lI} ^ A^Luaj A^LauVI Aja^VI CjIL^Sj 

L , tl ^ \ . II 
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cilji u'^ U^ 

(JL»1 4^U^jV1 A^a^pV! .^Ualll *-* ji 

jU.U.4 jLwU ^^Uxl) ^ (Jjlflj&Vl 

Aja^VI J^i (>a 22 AaAbuVl dj^) L-i^^j ^ 

djillj ( ^ ^jlLa uiL^ j-^*g=- j\ djji^ ^I^iaI) 

l!aU^ jj!kj 4 ^Ia^VI Aja^VI J^i 23 i^J ■ ^ 

.CjLal£.llI 

For axial tension in such members, nominal tensile strength 
is Asfy, and the strength reduction factor is 0.90 as required 
for tension-controlled members in 21.2.2. 

A$fyc5^ Ajm^VI <14^1 dj2 ipLia&VI ^ A4^ 4uaau11j 

^ pLuafrV ujlia.4 ^ 1 -a£ 0.90 dj^) J-alfj 4 

2 I. 2 . 2 J 

Diaphragms are designed under load combinations of 5.3. 
Where a diaphragm or part of a diaphragm is subjected to 
multiple load effects, the interaction of the load effects is to 
be considered. 

jl fLwjdl q^jslL LaAlfr ,5.3 u-4 Ja^} CjU^jj fLwjLI) ^ 

^ ‘ A^Ia^VI A^U^Vl 


A common example is where a collector is built within a 
beam or slab that also resists gravity loads, in which case the 
element is designed for combined moment and axial force. 
Another example is where a connection is subjected to 
simultaneous tension and shear. 

U^l 4ja^ jl dj.a£ .S (jl£.a ^ JlLdj , 

‘fjij i <LuJL^I 
Ciij jji A.^ JU^I CxS^ .'bjjA.dl 
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12.5.1.3 Design strengths shall be in accordance with (a), (b), 
(c), or (d); 

(a) For a diaphragm idealized as a beam whose depth is equal 
to the full diaphragm depth, with moment resisted by 
boundary reinforcement concentrated at the diaphragm 
edges, design strengths shall be in accordance with 12.5.2 
through 12.5.4. (b) For a diaphragm or a diaphragm segment 
modeled as a strut-and-tie system, design strengths shall be 
in accordance with 23.3. (c) For a diaphragm idealized with a 
finite-element model, design strengths shall be in accordance 
with Chapter 22. Nonuniform shear distributions shall be 
considered in design for shear. Collectors in such designs 
shall be provided to transfer diaphragm shears to the vertical 
elements of the lateral-force-resisting system, (d) For a 
diaphragm designed by alternative methods, such methods 
shall satisfy the requirements of equilibrium and shall 
provide design strengths at least equal to required strengths 
for all elements in the load path. 

ji ji ji J CjLajlAall 12.5.1.3 

:(^) 

LjLwm 

^ i fliA^l 

12.5.2 CjLajliAll (l)\ (^LaauVI ^1.,^ 

.12.5.4 

4 - dj^j ^ ^Ia^I fLiJLlI AiU.miV\Ij 

. 23.3 (j'l 

(ji Au^i\Ij 

^ ^ .22 cliLajlLftl) 

(JIa ^ ^ 

djiii A^ijii fLiJLii 

.A^l^l 

dJA (AL.^ c 3J^ fLu^LU AjArfilllj 

^jLwiJ JfiSfl AaAiA4^!llj CiLajliAll jAjJ (jl CiUliala 

jIa^im ^ jA^UaJl CjbjjAAM 


12.5.1.4 It shall be permitted to use precompression from 
prestressed reinforcement to resist diaphragm forces. 

u' 12.5.1.4 

.^Ia^VI pUiaJl Jl^Vl 


COMMENTARY 

R12.5.1.3 Different design strength requirements apply 
depending on how the diaphragm load-path is idealized. 
Section 12.5.1.3(a) addresses requirements for the common 
case where a diaphragm is idealized as a beam spanning 
between supports and resisting forces within its plane, with 
chord reinforcement at the boundaries to resist in plane 
moment and axial force. 

R12.5.1.3 

AxjL^l CjUllalid) 12.5.1.3 

j dj^^l ^d^).a££ A^UHVl 
^jxll 4..ajU.d ^ (3^|J 

If diaphragms are designed according to this model, then it is 
appropriate to assume that shear flow is uniform through the 
diaphragm depth. Diaphragm depth refers to the dimension 
measured in the direction of lateral forces within the plane of 
the diaphragm (refer to Fig. R12.4.2.3a). 

(jl UMjllftll t ^ Ijl 

A^l^l dl^l ^ 

.(i 12.4.2.3 

If vertical elements of the lateralforce-resisting system do 
not extend the full depth of the diaphragm, then collectors 
are required to transfer shear acting along the remaining 
portions of the diaphragm depth to the vertical elements. 
Sections 12.5.2 through 12.5.4 are based on this model. This 
design approach is acceptable even if some of the moment is 
resisted by precompression as provided by 12.5.1.4. Sections 
12.5.1.3(b) through (d) permit alternative methods for design 
of diaphragms. If diaphragms are designed to resist moment 
through distributed chords, or if diaphragms are designed 
according to stress fields determined by finite-element 
analysis, then non-uniform shear flow should be taken into 
account. 

^3*aa1| AjA.u A^L^j ^ jil) A..ajll.a A^i^l ja^UxI) ^ IaI , 

Q\ ^jjAAA-Alj t A^L^Vl A^uifr5U d-Alill 

,A^ijll ji^UaII A^LilVl Aja^VI (3^ 0^ AjAAlftll f Ij^Vl dj^ 

24^1 IJA Iaa ylft 12.5.4 u^\ 12.5.2 ^lAjiVI x«jaj 

^3fAAMll ^ ‘tAtl ^jia (jf- ^jasaj A..ajli.a ^ Ul d.9A^ 

.12.5.1.4 '^4® (jAajAAiLdl jajll Ijk- 

IaI ,Aja^V1 aja.aa*;! ^a^I ^A^ 12.5.1.3 Al^^l ^Aujj 

^ lAl jl 4 d^^ 0^ A.4 j1^a1 aja.aaI ^ 

4 A <j 4-v a' 1 j.^UAh dj'’^* Uaaaj aI^VI dj^^ A^i4^i A, aaI 

.^ikiLa (3 ^Aj jU^VI ^ 

R12.5.1.4 In the typical case of a prestressed floor slab, 
prestressing is required, at a minimum, to resist the factored 
load combination 1.2D + 1.6L, where L may have been 
reduced as permitted by the general building code. For wind 
or earthquake design, however, the gravity load to be resisted 
by prestressing is reduced because the governing load 
combination is 1.2D + flL + (W or E), where fl is either 1.0 
or 0.5 depending on the nature of L. Thus, only a portion of 
the effective prestress is required to resist the reduced gravity 
loads. The remainder of the effective prestress can be used to 
resist in-plane diaphragm moments. Additional moment, if 
any, is resisted by added reinforcement. 
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( jL^VI AIjLuj ^ R12.5.1.4 

^jILaI ( i 

^LAuU LaI ^ ^ 1^ 05^ (D _|. 1 ^1^ 1 2 

Ja^) ^ * j ^Ixll 4.J 

A^AaaA AaajI^ ^ 

0.5 ji 1.0 Ul fi . E) jiD + flL + (W 1.2 

^jIIa ^lai (3fwiA Jais 4 L. 

^lai (3fhAA ^A. JLa^VI 

4 4 4^LJal ^jaaaaII ^ Aaa^VI ^jILaI 

^uLaj 

12.5.1.5 If nonprestressed, bonded prestxessing 

reinforcement is designed to resist collector forces, 
diaphragm shear, or tension due to in plane moment, the 
value of steel stress used to calculate resistance shall not 
exceed the lesser of the specified yield strength and 420 
MPa. 

R12.5.1.5 Nonprestressed bonded prestressing 

reinforcement, either strand or bars, is sometimes used to 
resist diaphragm design forces. The imposed limit on 
assumed yield strength is to control crack width and joint 
opening. The Code does not include provisions for 
developing nonprestressed, bonded prestressing 

reinforcement. Stress limits for other provided reinforcement 

iaj|jlftll tjj 12.5.1.5 

420 MPa. J 4-ajlLa ^ Jfli 

are prescribed in Chapter 20. 

4 ^Js^JaII A^AaAA ^I.1^AaaI ^ R12.5.1.5 

.1^). ^IaajVI ^Ua^VI ^jIIaI 4 ji <JajI£ fljAA 

jl^ 4.,<^JAiAll 4 ^UjV 1 djd ^J^JjAaI) 

AV— d^jLiU ^tAual lApA\ ^Lia-Sfl Jjil! V. J-aliAll 

jI^VI ciA^j ^ A1i4aa j Jl^Vl 

,20 ^jaaII 

12.5.2 Moment and axial force 

R12.5.2 Moment and axial force 

jjilij jjjxii 12.5.2 

SjAlIj ^jxl\ R12.5.2 

12.5.2.1 It shall be permitted to design a diaphragm to resist 
in-plane moment and axial force in accordance with 22.3 and 
22.4. 

R12.5.2.1 This section permits design for moment and axial 
force in accordance with the usual assumptions of 22.3 and 
22.4, including the assumption that strains vary linearly 
through the depth of the diaphragm. In most cases, design for 

fLwjLI) 12.5.2.1 

.22.4 j 22.3 

moment and axial force can be accomplished satisfactorily 
using an approximate tension-compression couple with the 
strength reduction factor equal to 0.90. 

^jxl R12.5.2.1 

CjV!sUa11 oi Laj 4 22.4 j 22.3 SjIjslaII CjLJal jii&U 

^jLaj 4 ^iaxA A^Ia^VI A^a^VI qa LJa^ t 

Ja^ (ja 4j^jj ^_^.uajA J^A^ ^oaa^aII liilj 

.0.90 djill JaI^ ^ JaLiia — 

12.5.2.2 It shall be permitted to resist tension due to moment 
by (a), (b), (c), or (d), or those methods in combination: 

(a) Deformed bars conforming to 20.2.1 

(b) Strands or bars conforming to 20.3.1, either prestressed 
or nonprestressed 

(c) Mechanical connectors crossing joints between precast 
elements 

(d) Precompression from prestressed reinforcement 

R12.5.2.2 Bonded prestressing reinforcement used to resist 
in-plane moment and axial force can be either prestressed or 
nonprestressed. Mechanical connectors crossing joints 
between precast concrete elements are provided to complete 
a continuous load path for reinforcement embedded in those 
elements. The use of precompression from prestressed 
reinforcement is discussed in R12.5.1.4. 

^ yyt ..t (jS.aJ R12.5.2.2 

ji ji ji (i) Aiaujl^ ULU^i AwiJl ^-ajLLaj 12.5.2.2 

b^LyuVl ji 

20.2.1 -1 (i) 

jl jL^VI ( 20.3.1 ^ ^Ua2j ji 

^ulwull ^sSu^l] ^ 

AIjaaa jl jL^VI AiffcAA IaI A^j,^^^Ai) djillj ^,^^1aaaI1 A.ajILaI 

(_^4^LLaI 1 jfju ^^^1 Aa£^1£^) 

^ ^JJaAaII JAJaAaII Ja^I jI-AAA JLaSV djAl^l ^IaaIJ^I 

^3^aAaI) ^uIaAJ ^JaaAaII JssLiaaI) ^liA^lf4Al AiA^LIa iillAJ, 

R12.5.1.4. 
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12.5.2.3 Nonprestressed reinforcement and mechanical 
connectors resisting tension due to moment shall be located 
within h/4 of the tension edge of the diaphragm, where h is 
diaphragm depth measured in the plane of the diaphragm at 
that location. Where diaphragm depth changes along the 
span, it shall be permitted to develop reinforcement into 
adjacent diaphragm segments that are not within the h/4 
limit. 

R12.5.2.3 Figure R12.5.2.3 illustrates permitted locations of 
nonprestressed reinforcement resisting tension due to 
moment and axial force. 

jtaluiU R12.5.2.3 R12.5.2.3 

^jHaI jL^VI 

Where diaphragm depth changes along the span, it is 
permitted to develop tension reinforcement in adjacent 
sections even if the reinforcement falls outside the h/4 limit 

12.5.2.3 

(jA li/4 ^ 

(illj ^ 

of the adjacent section. In such cases, strut-and-tie models or 
elastic plane stress analysis can be used to determine bar 
extensions and other reinforcement requirements to provide 
continuity across the step. 

^Akuj i Jjia 

jxuilU h/4 -^1 ^^ ^uluull 1 j| i ^ 1 j^VI 

ji Jabjllj JaUuiajVI CA^ ‘ 9^4 Jla ^ 

CjUliala Qji lA^ UJ^l (3:4^ 

The restriction on location of nonprestressed reinforcement 
and mechanical connectors is intended to control cracking 
and excessive joint opening that might occur near the edges 
if reinforcement or mechanical connectors were distributed 
throughout the diaphragm depth. The concentration of 
flexural tension reinforcement near the edge of the 
diaphragm also results in more uniform shear flow through 
the depth of the diaphragm. 

3 ^ ^ ji ^ IjI 

^ pU^Vl ,A^L4uVl AJ.M&V 1 

VI 3^ 3^jj 3^ (j^\ A^UIjVI Aja^VI 

^LiU^lVl 

There are no restrictions on placement of prestressed 
reinforcement provided to resist moment through 
precompression. In effect, the precompression determines a 
moment that the prestressed reinforcement can resist, with 
the remainder of the moment resisted by reinforcement or 
mechanical connectors placed in accordance with 12.5.2.3. 

(JA 4.4.^1411 jl^,^Vl 3^^^ ^ 

3 I CA^ (‘J’d 3^^^! SauSal\ 1 (_A ■3^’'^^ ^ 

3 ^ ^ ^ ^ ^;4aau1| I^jUj 

. 12 . 5 . 2.3 4 t^j ji 

The Code does not require that diaphragm boundary 
elements resisting design flexural compression forces be 
detailed as columns. However, where a boundary element 
resists a large compressive force compared with axial 
strength, or is designed as a strut adjacent to an edge or 
opening, detailing with transverse reinforcement similar to 
column hoops should be considered. 


jA^Ufr (ji Jjill V 

dj2 La.lIC' i iiUj ^Ja^La ^ja JaULiajj 

AIa^^La CiLal&ilS ^ ji i hauj^ 

.5.1A&VI 
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J. 


in 



Lateral load 


r Diaphragm boundary 


Plan 


Zones for placement of 
reinforcement 


Reinforcement for span placec 
within depth fi,/4 

— Reinforcement can be developec 
outskle shaded zones. Other 
reinforcement required for force 
transfer not shown 


12.5.2.4 Mechanical connectors crossing joints between 
precast elements shall be designed to resist required tension 
under the anticipated joint opening 

ijM J^LLdl JJ3U ,_^l '^‘^12.5.2.4 


Fig. R12.5.2.3—Locations of nonprestressed reinforcement 
resisting tension due to moment and axial force according to 
12.5.2.3. 

^jt‘ -<nti R12.5.2.3 - 

.12.5.2.3 4 lisj Cjja^l sjilij fijxll 

R12.5.2.4 In an untopped precast diaphragm resisting in¬ 
plane forces and responding in the linear range, some joint 
opening (on the order of 2.5 mm. or less) should be 
anticipated. A larger joint opening may occur under 
earthquake motions exceeding the design level. Mechanical 
connectors should be capable of maintaining design strength 
under the anticipated joint opening. 

ui.^1 45^R12.5.2.4 

■ -il-vla'l fjoiu ‘ ^L&luiVlj ^^^Lui.dl 

ji mm 2.5 

CxS^ *T^. JjVjll 

,4jii^^Ldl ^uill ajS ajJli <U£^1%.>1| 
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12.5.3 Shear 

oa^ll2.5.3 

R12.5.3 Shear 

gdAJI R12.5.3 

12.5.3.1 This section shall apply to diaphragm in-plane shear 
strength. 

R12.5.3.1 These provisions assume that diaphragm shear 
flow is approximately uniform over the diaphragm depth, as 
is the case where design is in accordance with 12.5.1.3(a). 

^ 12.5.3.1 

Where alternative approaches are used, local variations of in¬ 
plane shear through the diaphragm depth should be 
considered 

12.5.3.2 4> shall be 0.75, unless a lesser value is required by 
21.2.4. 

A.^ PIaasH ikjb (J^ Jjkj R.12.5.3.1 

^ t^l^^JA ^OAA^Illl LaAI& jib IaS i A^IaaIjVI Aja^VI (3^ 

i ^Ua aI& (a). 12.5.1.3 

a^IaajVi aja^vi (3^ ^j14aaI) j&ij ^ ajI^aIi 

R12.5.3.2 A lower strength reduction factor may be required 

J Cjlk.. JaVl 3^1 ijj V! * 0.75 uJ^ o' c|) 12.5.3.2 

.21.2.4 

in Seismic Design Categories D, E, or F, or where special 
systems for earthquake resistance are used. 

jljll '-.jA./a'ill CjUS ijai ajS JjIaj c lUiTu (ji R12.5.3.2 

.JjVjll ^jIIaI a_i^1A a^aIuI ji i F E j'^D 

12.5.3.3 For a diaphragm that is entirely cast in place, Vn 
shall be calculated by Eq. (12.5.3.3). 

R12.5.3.3 This provision was adapted from the earthquake- 
resistant design provisions of 18.12.9. The term Acv refers to 

^ i Gls ^Ia^VI ^Iaa^ 12.5.3.3 

. (12.5.3.3). Vn 

the cross sectional area of the effective deep beam that forms 
the diaphragm. 

»'. = 4((l.l7l^'tp,/,) (12.5,3.3) 

where Acv is the gross area of concrete bounded by 
diaphragm web thickness and depth, reduced by void areas if 

present; the value of used to calculate Vn shall not 

exceed 8.3 MPa; and p t is distributed reinforcement 
oriented parallel to the in-plane shear. 

i_gk JjVjil ^jI^aI) ^liaa^III iJA Jjjju ^R12.5.3.3 

A^^iamJI djA^U ^iaiAll A^iala Acv 18.12.9 

A^VI jS.4u (>ll 

^Loaai IA. 1 ^ ^^ 11 ) A.^IaaaI 1 Acv 

i^jL^LaaII AJ^aaI^ ( ^IaajVI 

pt j 8.3 MPa^ Vn Ci.Aujj'i Vi 

^jluiA ^ ^uLaH) 


12.5.3.4 For a diaphragm that is entirely cast-in place, cross- 
sectional dimensions shall be selected to satisfy Eq. 
(12.5.3.4). 


^ ^Ia^VI (jk 12.5.3.4 

. (12.5.3.4).^>^^J>^t plLludV Jlaui 


i (12.5-3.4) 


where the value of used to calculate V„ shall not 

exceed 8.3 MPa. 


. 

rnp 3 8.3 Vn *> 1 **^^ ^.^auAjjAli a.^^ ^1 
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12.5.3.5 For diaphragms that are cast-in-place concrete 
topping slabs on precast elements, (a) and (b) shall be 
satisfied; 

(a) Vn shall be calculated in accordance with Eq. (12.5.3.3), 
and cross-sectional dimensions shall be selected to satisfy 
Eq. (12.5.3.4). Acv shall be calculated using the thickness of 
the topping slab for noncomposite topping slab diaphragms 
and the combined thickness of cast in-place and precast 
elements for composite topping slab diaphragms. Eor 
composite topping slab diaphragms, the value of fc' in Eq. 
(12.5.3.3) and (12.5.3.4) shall not exceed the lesser of fc^ 
for the precast members and fc^ for the topping slab. 

(b) Vn shall not exceed the value calculated in accordance 
with the shear friction provisions of 22.9 considering the 
thickness of the topping slab above joints between precast 
elements in noncomposite and composite topping slab 
diaphragms and the reinforcement crossing the joints 
between the precast members. 


^ Ajjlc cjUa^ij ^ 12.5.3.5 

jl&ji *•' (12.5.3.3) Vn 

Acv v^"***^ ^ (12.5.3.4). 

^"■' 

^ * A,a^ i 4ja5tj 


jA^UxU Fc ' u- Jai JjLa4j Vi (12.5.3.4) j (12.5.3.3) 

.^,^1x11 f(; f j 

(v) 

UlxJl jbjfrVl ^ ^ 22.9 


12.5.3.6 For diaphragms that are interconnected precast 
elements without a concrete topping, and for diaphragms that 
are precast elements with end strips formed by either a cast- 
in-place concrete topping slab or edge beams, it shall be 
permitted to design for shear in accordance with (a), (b), or 
both, (a) The nominal strength of grouted joints shall not 
exceed 0.55 MPa. Reinforcement shall be designed to resist 
shear through shear-friction in accordance with 22.9. Shear- 
friction reinforcement shall be in addition to reinforcement 
designed to resist tension due to moment and axial force, (b) 
Mechanical connectors crossing Joints between precast 
elements shall be designed to resist required shear under 
anticipated joint opening. 


Aiajljla AiA^aam jA^Ufr ^ 4 ua^^ AjaauIIj 12.5.3.6 

^IjA^ CjIJ ua^I A^^aam jA^Ufr Aua^SUj i A^Luuj^ 

iIjIjaS ji ^ AJa^ Lai A^l^ 

, jj ji (1) -2 l^j 4 A^jla 

^ .0.55 AaaujVI sj^I (ji i-4^ V (i) 

(ji 22.9 4^ (j^^l 

Ja^I ^uluiull ^1 ASLJaVtj iill£j^VI (j.5% 

. djillj ^jaII 

jA^Ufr Ja^LLaII ^^I Aa£^l£^l (jjSj ( j \ 


COMMENTARY 


R12.5.3.5 Eor diaphragms with cast-in-place topping slab on 
precast elements, the effective thickness in 12.5.3.5(a) is 
reduced to the topping slab thickness if the topping slab is 
not composite with the precast elements. 

A ^“'4LiR(2.5.3.5 

.fliLill (^j 12.5.3.5 kllxill ifl > 111' ^ ( Aa^\ . ,.U j. .-,1\i 

'da5t2 '_^.Ic. Ja5bll 

Topping slabs tend to develop cracks above and along the 
joints between precast elements. Thus, 12.5.3.5(b) limits the 
shear strength to the shear-friction strength of the topping 
slab above the joints between the precast elements. 

JAj^ cliUaVbll 

^ .1^ ([)j 12.5.3.5 ^ 

J...dLLdl (Jjs Ulxll <tx^| (IIIj ^541^ (j^^l 


R12.5.3.6 This Code does not contain provisions for 
untopped diaphragms in buildings assigned to Seismic 
Design Categories D, E, and E. Diaphragm shear in untopped 
diaphragms can be resisted by using shear-friction 
reinforcement in grouted joints (EEMA P751). Required 
shear-friction reinforcement is in addition to reinforcement 
required by design to resist other tensile forces in the 
diaphragm, such as those due to diaphragm moment and 
axial force, or due to collector tension. The intent is to 
reduce joint opening while simultaneously resisting shear 
through shear friction. Alternatively, or additionally, 
mechanical connectors can be used to transfer shear across 
joints of precast elements. In this case, some joint opening 
should be anticipated. The mechanical connectors should be 
capable of maintaining design strength under anticipated 
joint opening. 


fj JlAa ^ JjilM j* VR12.5.3.6 

^lali F. j iF 1 D diUll a .x.x-v ^ii 

(Jirfal^Aill iillSlXiVI (j^xll ^jl‘ *t (-v*;. 4.£jjA.a ^LwJdl 

^ ^jlLdl ^LSixVI (jlill jtAnj u\ (FEMA P751). Sjx^I 

^ ^j^VI Ia^I ^jI..I*;I t ^LIaV4 

dj^lj A^L^VI Aja^VI (j^ A^Ull iiUj ( Aj.lU^iyi A^ia^VI 
AaajI^ ^ Ji^lkdl jA Aa^HI, Aaa ‘ jl ( Ajj^^^^dl 

^1 ji ‘ (^j (jA V4. 0^1 (illSlxl ijj> A^lj Cikj ^ (j^ill 

jii^Ujdl (3.1^11.4 (j^^l iajljjll *t (A*;..it (jSm ( iillj 

(ji (iljl(^l ^LuSVI (jixxj ‘ sJAl^l 

A^jS ili^ ^jic, tjjli ^jAj^KjaII (Ii^Lidjll 
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12.5.3.7 For any diaphragm, where shear is transferred from 
the diaphragm to a collector, or from the diaphragm or 
collector to a vertical element of the lateral-force-resisting 
system, (a) or (b) shall apply: 

(a) Where shear is transferred through concrete, the 
shearfriction provisions of 22.9 shall be satisfied. 

(b) Where shear is transferred through mechanical 
connectors or dowels, effects of uplift and rotation of the 
vertical element of the lateral force-resisting system shall be 
considered. 

t t 12.5.3.7 

4 djUl (jA jl Qa jI 

4 ^1.441 ijA Jij ^ La.ljC '•(^) -9^ {}) 

Jlj ^ L.a.ijc ('t'). 22.9 ^ ^ 

4.4^ 4jjL^VI ji qa 

c^U/a&Vl 


COMMENTARY 

R12.5.3.7 In addition to having adequate shear strength 
within its plane, a diaphragm should be reinforced to transfer 
shear through shear friction or mechanical connectors to 
collectors and to vertical elements of the lateral-force 
resisting system. 

' 4^ 4 >LI41 AjsIS ejS ^1.4jaytjR12.5.3.7 

4Li5L4^j] 1 ji (_).4aall I (j.a (Jail .t.iVI V' 

In diaphragms that are entirely cast-inplace, reinforcement 
provided for other purposes usually is adequate to transfer 
force from the diaphragm into the collectors through shear- 
friction. 

4_Jaj lj.4lc. ' LL^a J MIC. V ' 

1 -'1 4 4 u't4%V' 

However, additional reinforcement may be required to 
transfer diaphragm or collector shear into vertical elements 
of the lateral-force-resisting system through shear-friction. 
Figure R12.5.3.7 illustrates a common detail of dowels 
provided for this purpose. 

j| ^Luati] ^.-4 q\' 't .^1 -. 4^Uj^ UJ^ 

(j.a ojill ^jla.a ^Uail j. .-,1 

1.1^ 4 „4'q.,\' ^U...S\\ ij(.:it4!: L^a.4jajj R12.5.3.7 ^*^j.:. (J--4 q\' 

.(jja jiJl 
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Cold joint 


12.5.4 Collectors 


QlMi^l 12.5.4 


12.5.4.1 Collectors shall extend from the vertical elements of 
the lateral-force-resisting system across all or part of the 
diaphragm depth as required to transfer shear from the 
diaphragm to the vertical element. It shall be permitted to 
discontinue a collector along lengths of vertical elements of 
the lateral-force resisting system where transfer of design 
collector forces is not required. 


6' 12.5.4.1 

jA l.a£ Qa ji 

a* ii\I ‘Qa 

JLi V 4_ajli.a <Liuljll j.t.dl.jxll Jjia 

^jill 


Fig. R12.5.3.7—Typical detail showing dowels provided for 
shear transfer to a structural wall through shear-friction. 

R12.5.3.7 - 

,U^\ (illSja.) J5li 0- jlJa. 

R12.5.4 Collectors—A collector is a region of a diaphragm 
that transfers forces between the diaphragm and a vertical 
element of the lateral force-resisting system. A collector can 
extend transversely into the diaphragm to reduce nominal 
stresses and reinforcement congestion, as shown in Fig. 
R12.5.3.7. Where a collector width extends into the slab, the 
collector width on each side of the vertical element should 
not exceed approximately one-half the contact length 
between the collector and the vertical element. 

AaiLLiVI (JA Aiiala jtb — ^a^aaII R12 .5.4 

(ja j.AA.fcj A^UIjVI Aja^^VI cjijill 

AaiLaIVI Aja^^VI ^a^aaII Al.aj 4 J^>aj, A^l^l 

.R12.5.3.7. d ^ AAtil ^AAa^ jJb Iaa£ t ^aIajuII J AJaAAAjVI 

^A^aaII (J^^ ‘ ^JA-vlU (J^J^ Aaaj LaAIp 

^aAaaII qu Jjia t aA/ai ^^1 jll jA^a-'l ^ 

.<jAAlijh jAAljxllj 

R12.5.4.1 The design procedure in 12.5.1.3(a) models the 
diaphragm as a full-depth beam with uniform shear flow. If 
vertical elements of the lateral-force-resisting system do not 
extend the full depth of the diaphragm, then collectors are 
required to transfer shear acting along the remaining portions 
of the diaphragm depth to the vertical element, as shown in 
Fig. R12.5.4.1. Partial-depth collectors can also be 
considered, but a complete force path should be designed 
that is capable of transmitting all forces from the diaphragm 
to the collector and into the vertical elements (Moehle et al. 
2010 ). 

(J^ (i) 12.5.1.3 J Jjljh !ull R12.5.4.1 

JaXJ ^ |j|, ^IsaIaII ^ A^aI^ dJA££ AJiiIaaiVI Aaa^VI 

JaISII (^'Axll AjAaJ SjUl ^jHa A^i^l J.^U9 l1| 

Jac (ji A A.V a'i jA 1 Aa^5U 

Iaa£ 4 aII ^j1\ Aj.iUaiiVI Ajaa&VI (j^ AaAjIaII 

(_jAjill cjluA^ ^ jl^l Udji R12.5.4. 0.1. jA 

(JA ^ja;\ Jij JaIS jIaaa a j a , A*; (jllj 4 

(Moehle et al. ^ a > a, ' ) iJA ^IaaIVI AjaacVI 

2010 ). 
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(a) Collector and shear- (b) Collector tension and 
friction reinforcement compression forces 


Fig. R12.5.4.1—^Full-depth collector and shear friction 
reinforcement required to transfer collector force into wall. 

j R12.5.4.1 - (3^^! 

,j|j^l ui\ tjS Jill 


12.5.4.2 Collectors shall be designed as tension members, 
compression members, or both, in accordance with 22.4. 

i I ji i iauSa i hii ■''I -j -‘''' 12.5.4.2 

.22.4 4 liaj 


12.5.4.3 Where a collector is designed to transfer forces to a 
vertical element, collector reinforcement shall extend along 
the vertical element at least the greater of (a) and (b); 

(a) The length required to develop the reinforcement in 
tension (b) The length required to transmit the design forces 
to the vertical element through shear-friction in accordance 
with 22.9, through mechanical connectors, or through other 
force transfer mechanisms 


R12.5.4.2 Tension and compression forces in a collector are 
determined by the diaphragm shear forces they transmit to 
the vertical elements of the lateral-force-resisting system 
(refer to Fig. R12.5.4.1). Except as required by 18.12.7.5, the 
Code does not require that collectors resisting design 
compressive forces be detailed as columns. However, in 
structures where collectors resist large compressive forces 
compared with axial strength, or are designed as struts 
passing adjacent to edges or openings, detailing with 
transverse reinforcement similar to column hoops should be 
considered. Such detailing is required by 18.12.7.5 for some 
diaphragms in buildings assigned to Seismic Design 
Categories D, E, and E. 

ijjfi aJsiuIjj ^ R12.5.4.2 

v Jjkll ‘ 18.12.7.5 (J > >-« (4.1.'5.4 js^Jl 

^ i lillj SxidS ia&Jall 

ji i djilb iaxJa ^ t-»U ^-v 

Jj'^l ‘''I ^ jl^l 1 jl cilj^ 

Jjl^ Saa^VI ^IjiaV JjIaa ^ 

cjUll ^ ^ Aa. 4^VI (jt***;^ 18.12.7.5 

F.J E jD 

R12.5.4.3 In addition to having sufficient development 
length, the collector reinforcement should be extended as 
needed to fully transfer its forces into the vertical elements 
of the lateral-force-resisting system. A common practice is to 
extend some of the collector reinforcement the full length of 
the vertical element, such that collector forces can be 
transmitted uniformly through shear-friction (refer to Eig. 
R12.5.4.1). Eigure R12.5.4.3 shows an example of collector 
reinforcement extended as required to transfer forces into 
three frame columns. 
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(^\ aJL^ ^ 12.5.4.3 

j (i) (j^ J^Vl jll j.*<^all Jjia ^\Lmi jIoj ^1 

t—*jU^-aU ^ ^ulyiul) t^LLiAAt 

0^ ^ 22.9 jA^ixU Aa.AJAi.^1111 

9Jill JSj iIiUJi Jili jjA ji I AjS^IS^I iliiLajll Jili 


^uluu ‘ ul\ ^LJaVlj R12.5.4.3 

9^^l ^jli.a A^i^l j^Uidj ^1 J.al£Jlj Ajiji c.iU^rk 

Jjia J.al£ ^jlc- Jj±aj AjuL^I CjLujjLftAll (ja^ 

.^tK'.-vt ^ iJJ^ t y,a^\ 

Jc. S!li« R.4.5.4.3 (4.1.5.4 2^1 j) 

,9Xa&i J^! tj^\ lAJj.laj ^ 


Note: Collector reinforcement should extend as required 
to transfer forces into the vertical element and should be 
developed at critical sections. 



Fig. R12.5.4.3—Schematic force transfer from collector into 
vertical element of the lateral force-resisting system. 

ijtJ \jll jj^a,') ^ 4.jh JaV'.t) 9jill Jij, R12.5.4.3 - 


12.6—Reinforcement limits 




12.6.1 Reinforcement to resist shrinkage and temperature 
stresses shall be in accordance with 24.4. 

9jljaJl ^L.SjV1 Q\ 12.6.1 

.24.4 -1 llaj 


12.6.2 Except for slabs-on-ground, diaphragms that are part 
of floor or roof construction shall satisfy reinforcement limits 
for one-way slabs in accordance with 7.6 or two-way slabs in 
accordance with 8.6, as applicable. 

(ji ‘ A^udjVI CjUabEh ^UjIuLj 12.6.2 
AjJL^I UjUabbll ‘ 9»‘"'l jl ija 

.f-i .>i'9sn i_iuia i -1 ^ cjUablj ji 7.6 4 llsj 9l.^VI 


12.6.3 Reinforcement designed to resist diaphragm in-plane 
forces shall be in addition to reinforcement designed to resist 
other load effects, except reinforcement designed to resist 
shrinkage and temperature effects shall be permitted to also 
resist diaphragm in-plane forces 


Jkb (jjSa (ji ‘.*yj 12-6-3 

t ^j^Vl ^aaAa1\ 

^.J A^jA ^LftSjhh 4«ajliAl ^aaAa1\ 
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12.7—Reinforcement detailing 

12.7.1 General 

R12.7—Reinforcement detailing 

eitliiiill J^ladR12.7- 

R12.7.1 General 

R12.7.1 

12.7.1.1 Concrete cover for reinforcement shall be in 
accordance with 20.6.1. 

R12.7.1.1 For a structure assigned to Seismic Design 
Category D, E, or F, concrete cover may be governed by the 
seismic design requirements of 18.12.7.6. 

.20.6.1 jilt ^Uaill ujSj (ji 12.7.1.1 

‘ F ji E ji D R12.7.1.1 

.18.12.7.6 kljUlialal ^Lwd jLM fUaP 

12.7.1.2 Development lengths of deformed and prestressed 
reinforcement shall be in accordance with 25.4, unless longer 
lengths are required by Chapter 18. 


/.ujfull JljJai (jjSj 12.7.1.2 

,dJljiai 18 cjUau ^ La 4 25.4 


12.7.1.3 Splices of deformed reinforcement shall be in 
accordance with 25.5. 


.25.5 ^ Aialjla tjjij (ji 12.7.1.3 


12.7.1.4 Bundled bars shall be in accordance with 25.6. 


.25.6 i-» (ji 12.7.1.4 


12.7.2 Reinforcement spacing 

R12.7.2 Reinforcement spacing 

giijilirtill OfiUi 12.7.2 

ei*liiiiill OfiUi R12.7.2 

12.7.2.1 Minimum spacing s of reinforcement shall be in 
accordance with 25.2. 

R12.7.2.1 For a structure assigned to Seismic Design 
Category D, E, or F, spacing of confining reinforcement in 
collectors may be governed by the seismic design 

•25.2 3^ AsLuLall (ji t-Aj 12.7.2.1 

requirements of 18.12.7.5. 

12.7.2.2 Maximum spacing s of deformed reinforcement 
shall be the lesser of five times the diaphragm thickness and 
450 mm. 

tE ‘ D 0^ AjmuIIj R12.7.2.1 

A CjIxA^aI) ^ iF 

.18.12.7.5 J 

12.7.2.2 

450 mm.j ^Lwk?^l fLudJi ^Lawi LjlxJal 


12.7.3 Diaphragm and collector reinforcement 

R12.7.3 Diaphragm and collector reinforcement 

.ii 12.7.3 

12.7.3.1 Except for slabs-on-ground, diaphragms that are part 
of floor or roof construction shall satisfy reinforcement 
detailing of one-way slabs in accordance with 7.7 or two- 
way slabs in accordance with 8.7, as applicable. 

R12.7.3 

(ji fl^lwdm2.7.3.1 

j tiaj cjUa^i^) jj 7.7 jll 
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12.7.3.3 Reinforcement provided to resist tension shall 
extend beyond the point at which it is no longer required to 
resist tension at least fd, except at diaphragm edges and at 
expansion joints. 

R12.7.3.2 Critical sections for development of reinforcement 
generally are at points of maximum stress, at points where 
adjacent terminated reinforcement is no longer required to 
resist design forces, and at other points of discontinuity in 
the diaphragm. 

jxj La JIaj 12.7.3.3 

ciljiai ( Id JiSfl >1^1 ^jll.a ^ 

aIp La^^.aC' (JjIj R12.7.3.2 

^ Jalllll aIp ( 

^ cijl&Ua^Vl ^ 

R12.7.3.3 For a beam, the Code requires flexural 
reinforcement to extend the greater of d and 12db past points 
where it is no longer required for flexure. These extensions 
are important for a beam to protect against development or 
shear failure that could result from inaccuracies in calculated 
locations of tensile stress. Similar failures in diaphragms 
have not been reported. 

jjAaII ljj,a i R12.7.3.3 

dJA Jxj ^ 12db 

ji AJa (jA CjliLJaVl 

L^Jc. fUJ fd <1^\ 

To simplify design and avoid excessively long bar 
extensions that could result if the beam provisions were 
applied to diaphragms, this provision only requires that 
tension reinforcement extend fd beyond points where it is no 

(jSaj JajiA Aljjiall ^dAull CjIJjAaj 

ia^ IjA ^ ajAill (jAjlaj ^ 

^jIAaI idUA .Au ^ JalAllI fljLj Ia jIaj (ji 

.AdJl 
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CHAPTER 13- FOUNDATIONS 

AUUill- 13 JidUl 

13.1 — Scope 

13.1- 

R13- FOUNDATIONS 

(AIUUI R13 - 

R13.1— Scope 

(jikUl R13.1 

While requirements applicable to foundations are provided in 
this chapter, the majority of requirements used for 
foundation design are found in other chapters of the Code. 
These other chapters are referenced in Chapter 13. However, 
the applicability of the specific provisions within these other 
chapters may not be explicitly defined for foundations. 

1 ^ tliLuLuVI ijiS’ CjUUaldl ^ ^ 

^ ^^ CjLujLujVI ^ A.ia\i cjUllaliftll 

V t iillJ .13 ^ JJ^^\ Jj-ail) aJA ajL^iyi Jjil! 

aJd^Al) uLjsj ^ 

.^LuiLbu^ 

13.1.1 This chapter shall apply to the design of 
nonprestressed and prestressed foundations, including 
shallow foundations (a) through (e) and, where applicable, 
deep foundations (f) through (i): 

(a) Strip footings 

(b) Isolated footings 

(c) Combined footings 

(d) Mat foundations 

(e) Grade beams 

(f) Pile caps 

(g) Piles 

(h) Drilled piers 

(i) Caissons 

R13.1.1 Examples of foundation types covered by this 
chapter are illustrated in Fig. R13.1.1. Stepped and sloped 
footings are considered to be subsets of other footing types. 

fjk CjLuLuVI Allai ^ R13.1.1 

(jA ^ CjLujLwjVI R13.1.1. 

iIjLuiLuuVI *j13.1.1 
i (^) (0 fJjLuuLiuiVl 

CjLwuLwjVI 

A^LwiLiudVl 

fJjLbuLwuVl 

iJjLuuLbuVl 

JjJljill jIj (j) 
JjjljaJI (j) 
JjjljaJl (^) 

(Ja) 


13.1.2 Foundations excluded by 1.4.6 are excluded from this 
chapter. 


.1.4.6 IA Jlajilbul ^ cliLwuLuuVl qa 13,1,^ 
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Strip footing 





Combined footing 




Deep foundation system with piles and pile cap 


Fig. R13.1.1—Types of foundations. 

R13.1.1 — 
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13.2—General 

R13.2—General 

,»UJI R13.2 

^Ull 13.2 


13.2.1 Materials 


13.2.1 


13.2.1.1 Design properties for concrete shall be selected to 
be in accordance with Chapter 19. 


19 jLu^l 13 2 1 1 


13.2.1.2 Design properties for steel reinforcement shall be 
selected to be in accordance with Chapter 20. 


^ 13.2.1.2 

,20lW1 


13.2.1.3 Materials, design, and detailing requirements for 
embedments in concrete shall be in accordance with 20.7. 


^ (jM jiJl CiUlialftl JIjaH (JjSj (j! 13.2.1.3 

.20.7 -1 tiaj jilt 


13.2.2 Connection to other members 


j-aUxlb JL^Vl 13.2.2 


13.2.2.1 Design and detailing of cast-in-place and precast 
column, pedestal, and wall connections to foundations shall 
be in accordance with 16.3. 


^ >j a.13.2.2.1 

iIiLwiLwiVl jl<^l (Ajjldl dJC'liJij ( 

,16.3 


13.2.3 Earthquake effects 

13.2.3 

R13.2.3 Earthquake effects 

Jj;!>ll R13.2.3 

13.2.3.1 Structural members extending below the base of the 
structure that are required to transmit forces resulting from 
earthquake effects to the foundation shall be designed in 
accordance with 18.2.2.3. 

R13.2.3.1 The base of a structure, as defined in analysis, 
does not necessarily correspond to the foundation or ground 
level, or to the base of a building as defined in the general 
building code for planning (for example, for height limits or 
fire protection requirements). Details of columns and walls 
extending below the base of a structure to the foundation are 
required to be consistent with those above the base of the 

jloj ^L4ijVl jA^Ufdl ^ 13.2.3.1 

j cjImjLuuVi lAiftii 

.18.2.2.2 

Structure. 

V i ^ Lft£ (jAiLuii i R13.2.3.1 

jA ^ ^ jl ( (jlajVl jl ^ djjjA^L 

ji 4 JIuaII Jjaa.u ^ 

Jloj d.la&Vl V^). U** 

^ 4.iAAU.a ^LuiVl di^ll JIajj! 
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13.2.3.2 For structures assigned to Seismic Design Category 
(SDC) D, E, or F, shallow and deep foundations resisting 
earthquake-induced forces or transferring earthquake- 
induced forces between structure and ground shall be 
designed in accordance with 18.13. 

ji (SDC) D 13.2.3.2 

^'IJ ,|'I Cjl.ul.uVI ^ P jlp 

(jijVlj Uiiill Jij ji JJVjlt (j.4 

.18.13 


13.2.4 Slabs-on-ground 

AUa^l 13.2.4 

13.2.4.1 Slabs-on-ground that transmit vertical loads or 
lateral forces from other parts of the structure to the ground 
shall be designed and detailed in accordance with applicable 
provisions of this Code. 

^jlll ji jll CjVj.»-\') Jijj Ji\ CjUa^Ul -taua' 13.2.4.1 

a^jIsaI) *ts.v^n IaaIaII (ja AjUi.vt) 

.Jjill li* 

13.2.4.2 Slabs-on-ground that transmit lateral forces as part 
of the seismic-force-resisting system shall be designed in 
accordance with 18.13. 

^ AiJa jVI CjUaVLlI -tAj/a' 13.2.4.2 

.18.13 4 liaj JjlVjll AujLaa 

13.2.5 Plain concrete 

MJUil ^Uji^l 13.2.5 

13.2.5.1 Plain concrete foundations shall be designed in 
accordance with Chapter 14. 

llkj Aaa^^a ^ cjLuLuVl Cys^ ‘.'yj 13.2.5.1 

.14 Juaill 


COMMENTARY 

R13.2.3.2 It is desirable that inelastic response in strong 
ground shaking occurs in structural elements above the 
foundations, and that the elements of the foundations remain 
essentially elastic; repairs to foundations can be extremely 
difficult and expensive. The requirements for foundations 
supporting buildings assigned to Seismic Design Category 
(SDC) D, E, or F represent a consensus of a minimum level 
of good practice in designing and detailing concrete 
foundations to achieve this goal. 

JIJjAVI AjUauVI ujSj ij\ Ijjuaiuj R13.2.3.2 

(jjLuLul jiwattfr 0^.5 ^ cjLuLul ^3^ AjU.ti.yt ^jiajVU 

AIHaj Cnud cjLuLuVI ‘ (jdLuVI ^ 

A.^ a ^LaaU Au^IaII CjLuLuVI cjUllald (.^aj. CULll 

Aa^jIaaH oa ^Ji Jc. IcLa^I F ji E ji (SDC) D Jljljll 

.ulA^I lAA A^Luj^I iIiLuLul Jaa^j ^ aAa^I 

R13.2.4 Slabs-on-ground—Slabs-on-ground often act as a 
diaphragm to hold the building together at the ground level 
and minimize the effects of out-of-phase ground motion that 
may occur over the footprint of the building. In these cases, 
the slab-on-ground should be adequately reinforced and 
detailed. As required in Chapter 26, construction documents 
should clearly state that these slabs-on-ground are structural 
members so as to prohibit sawcutting of such slabs. 

(jijVl cjUaiUl Ja»j U Lll* - (>jVl ^ ^51 jR13.2.4 

Cjlj^b JaI^J ^JAaaA ^jk <JAA^ AjiUaiVI Aa4^VIS 

1 (jjVLaJl AAA uA^\ (jjiLaiI (jjS biAa^ A2 AjlaJl ^jli (jijVl 

^ ujUxa jk Ia£. a Aja^b "* 

Ijk CjUaibh aA* o' (j^ ij\ i 26 

.OiUaVt^l iAA JIa jla^ A '1 ^Uiaci ^ O^J^' 
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13.2.6 Design criteria 

13.2.6 

13.2.6.1 Foundations shall be proportioned to resist factored 
loads and induced reactions. 

JjJjJ ^ Jl ^.yM \ ^ CjLujLwjVI (ji 13.2.6.1 


COMMENTARY 

R13.2.6 Design criteria 

(,0.^1 jiihu> R13.2.6 


R13.2.6.1 Permissible soil pressures or permissible pile 
capacities are determined by principles of soil mechanics and 
in accordance with the general building code. 

ji lajLua ^R13.2.6.1 

KjUSja 

The size of the base area of a footing on soil or the number 
and arrangement of piles are usually established on the basis 
of these permissible values and unfactored applied (service) 
loads, such as D, L, W, and E, in whatever combination that 
governs the design. 

JJC ji ^ La 

JLa^VIj L^ ^^^aaaaII ^Iaa! 

*<.vj 4.^jj ^ i E ^ ^ D ^ ^^AjlalU 

In cases in which eccentric loads or moments are to be 
considered, the extreme soil pressure or pile reaction 
obtained from this loading should be within the permissible 
values. The resultant reactions due to service loads combined 
with moments, shears, or both, caused by wind or earthquake 
forces should not exceed the increased values that may be 
permitted by the general building code. 

i_i^ 1 jLjacVI 0 ^ ji JLa^VI ^ diVL^I 

Jaa&aII ^ J&Lij jl AjjaII iakua 05 % 

JLa^V 4.^1111 Vi .L 4 J ^^^aaaaI) 

ji A.^LII| i t ji i ^ ^ Axaj^ 

.^bdl JjS L^ tJjlJldl I JJVjll 

To proportion a footing or pile cap for strength, it is 
necessary to calculate the contact soil pressure or pile 
reaction due to the applied factored load. 

These calculated soil pressures or pile reactions are used to 
determine the required strength of the foundation for flexure, 
shear, and development of reinforcement, as in any other 
member of the structure. In the case of eccentric loading, 
applied factored loads may cause patterns of soil pressures 
and pile reactions that are different from those obtained by 
unfactored loads. Only the calculated end moments at the 
base of a column or pedestal require transfer to the footing. 
The minimum moment requirement for slenderness 
considerations given in 6.6.4.5 need not be considered for 
transfer of forces and moments to footings. 

t djUl d.lA&l jl ^uaV\ 

Ja^) ‘ J&lij ji 4 aaa^La 1| lakJa uIaa^ ^ja 

Cj^sLclij ji tlillajkiAall »JA » 'A*, .'j jAd^AAll 

Ia£ i ^aLaaII i i ^jA^ ^LaVI ^ja ^^^liaAll djill JaA^aI 

AS i jS ja5UI Jaas^I AJIa ^ jil JLaJl jA 

AjAjj iajkua ^ lalAji ^ AAaIaaII JLa^VI 

JLa^VI aIsaaI^ ^ Cfi ‘ 

AACli ji A^^aC AACli ^ lali ■/'!*<" ^AaAaaU 

sAftlill 

^^>aI| CaIjIaaP^ CaIaUaIaII (JA ^aVI A^l ^ jl^l ^jL V 

.iiac. \ ij\\ j Jijl 6.6.4.5 
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13.2.6.2 Foundation systems shall be permitted to be 
designed by any procedure satisfying equilibrium and 
geometric compatibility. 

CjLuiLujVI AmoIajI * ■* ‘ '^'* ^^ALUJ 13-2~6~2 


13.2.6.3 Foundation design in accordance with strut-andtie 
modeling, Chapter 23, shall be permitted. 

cjLujLujVI ^AMij 13~2~6~3 

.23 

13.2.6.4 External moment on any section of a strip footing, 
isolated footing, or pile cap shall be calculated by passing a 
vertical plane through the member and calculating the 
moment of the forces acting over the entire area of member 
on one side of that vertical plane. 

‘ (jjLuiiU uuiaj 13.2.6.4 

(ja jll (jjJLaJl jlj ji i (jjiLjiVIj 

J.al£ djj3*dl j‘^**^* 

iillj (JM 

13.2.7 Critical sections for shallow foundations and pile caps 

diLuLuSU 13.2.7 

13.2.7.1 Mu at the supported member shall be permitted to 
be calculated at the critical section defined in accordance 
with Table 13.2.7.1. 

^ .ll& Mil 13.2.7.1 

.13.2.7.1 Caaj 

Table 13.2.7.1—Location of critical section for Mu 

Mu -2 jlaiill - 13.2.7.1 


Supported member 

Location of critical section 

Coluiiui 01 pedestal 

Face ofcolumn or pedestal 

Column with steel base plate 

Halfway between face of column and 
edge ofsteel base plate 

Concrete wall 

Face of wall 

Masonry wall 

Halfway between center and face of 
masonry wall 


COMMENTARY 

R13.2.6.2 Foundation design is permitted to be based 
directly on fundamental principles of structural mechanics, 
provided it can be demonstrated that all strength and 
serviceability criteria are satisfied. Design of the foundation 
may be achieved through the use of classic solutions based 
on a linearly elastic continuum, numerical solutions based on 
discrete elements, or yield-line analyses. In all cases, 
analyses and evaluation of the stress conditions at points of 
load application or pile reactions in relation to shear and 
torsion, as well as flexure, should be included. 

dlLujLuJ^ *J A. J R13.2.6.2 

l3J.4u i 

^ *1 Ill *J 

XaJAJ 

ijjAJaj i ji 

ji JaaI) (3^4^ ial^ dip jL^Vl cjVt^ 

R13.2.6.3 An example of the application of this provision is 
a pile cap supported on piles, similar to that shown in Fig. 
R13.1.1, which can be designed using a three-dimensional 
strut and-tie model satisfying Chapter 23 (Adebar et al. 
1990). 

(jjJIAh ^UaC jk AllaSh R13 .2.6.3 

(jl«J jllj i R13.1.1 l)^I jA jljft ‘ 

( 23 J JUjVI 

).1990 uJJ^b 
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13.2.7.2 The location of critical section for factored shear in 
accordance with 7.4.3 and 8.4.3 for one-way shear or 8.4.4.1 
for two-way shear shall be measured from the location of the 
critical section for Mu in 13.2.7.1. 

j 7.4.3 *jiill iSij 13.2.7.2 

jj 8.4.4.1 ji 8.4.3 

13.2.7.1. J Mu-1 


COMMENTARY 

R13.2.7 Critical sections for shallow foundations and pile 
caps 

..'I diLuLubU R13.2.7 


13.2.7.3 Circular or regular polygon-shaped concrete 
columns or pedestals shall be permitted to be treated as 
square members of equivalent area when locating critical 
sections for moment, shear, and development of 
reinforcement. 


jl ji dXo&i 13.2.7.3 

Ale ^ ^LuaclS ^,'Ja.a j£.ui ^ 


R13.2.7.2 The shear strength of a footing is determined for 
the more severe condition of 8.5.3.1.1 and 8.5.3.1.2. The 
critical section for shear is measured from the face of the 
supported member (column, pedestal, or wall), except for 
masonry walls and members supported on steel base plates. 
Calculation of shear requires that the soil reaction be 
obtained from factored loads, and the design strength be in 
accordance with Chapter 22. Where necessary, shear around 
individual piles may be investigated in accordance with 
8 .5.3.1.2. If shear perimeters overlap, the modified critical 
perimeter bo should be taken as that portion of the smallest 
envelope of individual shear perimeters that will actually 
resist the critical shear for the group under consideration. 
One such situation is illustrated in Fig. R13.2.7.2. 


R13.2.7.2 

^ jiaLdI (jjiba j»jj. 8.5.3.1.2 j 8.5.3.1.1 

ijiC’ ^ Aia^ 

^ t JLa^Vl J&lij 

.22 

J llSj i-il aja-v* ^ ^ ‘ ajjjball AaC 

UJa.alA.All IijAiaII 1)0 ^ i (j^ill lajA.A JaIJj |j|, 8.5.3.1.2 

d^LAlb *jt aj... jjll JjHaI) Lad5l£ jpu^\ ijji 

^ (IiVLaII aJA .IaI ^ubajj 

.R13.2.7.2. 



Fig. R13.2.7.2—^Modified critical perimeter for shear with 
overlapping critical perimeters. 

.AlAlJla 1 I 1 U 3 JA.A j j (j^aU Jjxaa Iaiaa, R13.2.7.2 - 
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13.2.8 Development of reinforcement in shallow foundations 
and pile caps 


CjLuuLwjVI ^ 13 2 8 


13.2.8.1 Development of reinforcement shall be in 
accordance with Chapter 25. 


,25 tii^LLu (ji 13-2.8-1 


13.2.8.2 Calculated tensile or compressive force in 
reinforcement at each section shall be developed on each side 
of that section. 


JS ^ ^ j\ 14^1 Sjfi ^ 13.2.8.2 


13.2.8.3 Critical sections for development of reinforcement 
shall be assumed at the same locations as given in 13.2.7.1 
for maximum factored moment and at all other vertical 
planes where changes of section or reinforcement occur. 


ylft jIIjaII (Jjiii ^ i.li.uj.1' 4 a( jijiij 13.2.8.3 

jxuiA j»jft 13.2.7.1 jaJll 

jl ^ ^j^Vl 4^l^l CjIjjILjaII 


13.2.8.4 Adequate anchorage shall be provided for tension 
reinforcement where reinforcement stress is not directly 
proportional to moment, such as in sloped, stepped, or 
tapered foundations; or where tension reinforcement is not 
parallel to the compression face. 


V •iwkll 13.2.8.4 

AljLftil cliLyuLiwdVI LaS i 

.JaULuaj^l UJ% ^ jI ^jJIaII j\ 


13.3—Shallow foundations 

R13.3—Shallow foundations 

thhaiStiill QlallalSIl 13.3 - 

13.3.1 General 

i»i*13.3.1 

^ 4iUu;ii R13.3- 

R13.3.1 General 

j»l* R13.3.1 

13.3.1.1 Minimum base area of foundation shall be 
calculated from unfactored forces and moments transmitted 
by foundation to soil or rock and permissible bearing 
pressure selected through principles of soil or rock 
mechanics. 

R13.3.1.1 General discussion on the sizing of shallow 
foundations is provided in R13.2.6.1. 

4 '-vli. .I'l cllLuLuVI 4.k^U.. ^ R13 3 11 

R13.2.6.1.J 

4^ ^LyuVl ^LukA Jii 13-3-1-1 

Jaa&JIII Jaa-Jaj jj (j.uLauV1 

4j 


13.3.1.2 Overall depth of foundation shall be selected such 
that the effective depth of bottom reinforcement is at least 
150 mm. 


Jlxftll ^LaL-uHI ^LyubU ^ 13-3-1-2 

-JaVl (jJfr 150 mm 
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13.3.1.3 In sloped, stepped, or tapered foundations, depth 
and location of steps or angle of slope shall be such that 
design requirements are satisfied at every section. 

R13.3.1.3 Anchorage of reinforcement in sloped, stepped, or 
tapered foundations is addressed in 13.2.8.4. 

ji ji ^Luii ^ ^ R13 .3.1.3 

(ji ji ji tIjLbuLbuVl ^ 13.3.1.3 

^ (3^ 

.jJaL. JS 

.13.2.8.4 J 

13.3.2 One-way shallow foundations 


^ iliLuuLuii 13.3.2 


13.3.2.1 The design and detailing of one-way shallow 
foundations, including strip footings, combined footings, and 
grade beams, shall be in accordance with this section and the 
applicable provisions of Chapter 7 and Chapter 9. 


dL^l ^ <JjL.uL 4 .uVl (j\ <.^ 1 ^ 13.3.2.1 

4 LjLwuLuuVI^ ' \I cliLyuLbuVl Laj 4 

,9 j 7 ^li^Vlj ^AuiUl 1 CiSj 4 jlftll 


13.3.2.2 Reinforcement shall be distributed uniformly across 
entire width of one-way footings. 


ijjjj <JjLw<Lw<^ J. 4 IS ^uLuuIl ^ 13.3.2.2 

..l^l^l dl^Vl 


13.3.3 Two-way isolated footings 

R13.3.3 Two-way isolated footings 

^)4Aliul UiiLiLii 13.3.3 

iJjaAIuuI UiiLiLii 13.3.3 

13.3.3.1 The design and detailing of two-way isolated 
footings shall be in accordance with this section and the 
applicable provisions of Chapter 7 and Chapter 8. 


^ LlLyuLyubU JjA^illlj (j'l 13 3 3 1 

7 <LatiSj 


13.3.3.2 In square two-way footings, reinforcement shall be 
distributed uniformly across entire width of footing in both 
directions. 


Jixij ^uLalUI i (j^l^Vl LjIj AjujaII 4JjL4udLwdVl ^ 13.3.3.2 

.t^l^Vl ^ ^LjVI jfr J^LS ^ialla 
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13.3.3.3 In rectangular footings, reinforcement shall be 
distributed in accordance with (a) and (b); 

(a) Reinforcement in the long direction shall be distributed 
uniformly across entire width of footing. 

(b) For reinforcement in the short direction, a portion of the 
total reinforcement, ysAs, shall be distributed uniformly over 
a band width equal to the length of short side of footing, 
centered on centerline of column or pedestal. Remainder of 
reinforcement required in the short direction, (1 - ys)As, 
shall be distributed uniformly outside the center band width 
of footing, where ys is calculated by: 

R13.3.3.3 To minimize potential construction errors in 
placing bars, a common practice is to increase the amount of 
reinforcement in the short direction by 2p/(P + 1) and space 
it uniformly along the long dimension of the footing (CRSI 
Handbook 1984; Fling 1987). 

(j. i tjljJatl) ^ ^Lkki JjSjI R13 .3.3.3 

2p/(P + 1) cjLujjLftJj 

‘ CRSI 1984 t.mS) <UJajbU Jjjlall Jx^l Jjia 

Fling 1987). 

j (i) ^ t Aliial-iiAH tlLuuLwiVl 13-3-3-3 

jfr J-alS (!) 

^ ^ dL^Vl (u) 

Jjia ijj\jau ^ysAs ^ 

di&lill ji i (J.uU.uVl 

( jk La£ (1 — y$)A$ ^ dl^Vl 

y$ LjLui^ ^ ( ^U-uVl (J^J^ jLwu L^JUj^ 

where P is the ratio of long to short side of footing. 


.(jjiUabU (jijxll Jjlall ^ p di^ 


13.3.4 Two-way combined footings and mat foundations 

R 13.3.4 Two-way combined footings and mat foundations 

CjUjUu}^ CjUjUjI R13.3.4 

CjlA-uLwil^ CjLwtLA-ui 13-3-4 


13.3.4.1 The design and detailing of combined footings and 
mat foundations shall be in accordance with this section and 
the applicable provisions of Chapter 8. 

R13.3.4.1 Detailed recommendations for design of combined 
footings and mat foundations are reported by ACI 336.2R. 
Also refer to Kramrisch and Rogers (1961). 

A£jlwLall CjU.uU.uV1 (-4^ 13-3.4-1 

cjUjUjI ^^Vl ^ R13 .3.4.1 

(j^! Lf^Ji ACI 336.2R. (>» tiiLuiLui j 

Kramrisch and Rogers (1961). 

13.3.4.2 The direct design method of 8.10 shall not be used 
to design combined footings and mat foundations. 


^ 8.10 jAjl^l 13.3.4.2 

A^jIuiaII CjUjUjVI 


13.3.4.3 Distribution of bearing pressure under combined 
footings and mat foundations shall be consistent with 
properties of the soil or rock and the structure, and with 
established principles of soil or rock mechanics. 

R13.3.4.3 Design methods using factored loads and strength 
reduction factors cp can be applied to combined footings or 
mat foundations, regardless of the bearing pressure 
distribution. 

JLa^VI ^t.Aujb -<j ii.t-i'') (jjla (jj Ja' R13.3.4.3 

^jlwLftll CjUjUjVI Cj^ JjA^l JaijJa (JJ^ 13.3.4.3 

i UjjaIIj jI ^j^l ^ CjUjUjVIj 

^ jiillj ^jlaaj i AIjjaU) UiUjUjI jI (j) dj^l 
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13.3.4.4 Minimum reinforcement in nonprestressed mat 
foundations shall be in accordance with 8.6.1.1. 

R13.3.4.4 To improve crack control due to thermal gradients 
and to intercept potential punching shear cracks with tension 
reinforcement, the licensed design professional should 

CjImiLuiVI ^ <^1 13.3.4.4 

.8.6.1.1-1 

consider specifying continuous reinforcement in each 
direction near both faces of mat foundations. 

13.3.5 Walls as grade beams 

ujauij ^jlHi ^ U:^^‘'^^R13.3.4.4 

i AHI ^uiyuJ ^ 

13.3.5 

45i^-^J 9l^l J£ ^ JoIwAaI) JjJ^ ^ 

CjLwiLwii 

13.3.5.1 The design of walls as grade beams shall be in 
accordance with the applicable provisions of Chapter 9. 


Ufij 13.3.5.1 

,9 ^ <La 


13.3.5.2 If a grade beam wall is considered a deep beam in 
accordance with 9.9.1.1, design shall satisfy the requirements 
of 9.9. 


9.9.1.1 9 jaS jjjxj 9 13.3.5.2 

.9.9 CjUliala 4 


13.3.5.3 Grade beam walls shall satisfy the minimum 
reinforcement requirements of 11.6. 


13.3.5.3 

.11.6 


13.4—Deep foundations 

l4iLlLli 13.4 - 

13.4.1 General 

13.4.1 

R13.4—Deep foundations 

ittitftf JiLiLil R13.4 - 

R13.4.1 General 

f.1* R13.4.1 

13.4.1.1 Number and arrangement of piles, drilled piers, and 
caissons shall be determined from unfactored forces and 
moments transmitted to these members and permissible 
member capacity selected through principles of soil or rock 
mechanics. 

R13.4.1.1 General discussion on selecting the number and 
arrangement of piles, drilled piers, and caissons is provided 
inR13.2.6.1. 

R13 .4.1.1 

R13.2.6.1.<^ Sjjiajdl JjJljillj 

J-IC- ^ 13-4-1-1 

(JA CjIjJa.UjI.HIj 

ji SjLlHall ^jauiH) jAjaxll 9j.^j ju^UaJl 


13.4.2 Pile caps 

^jl^l gLi 13.4.2 

R13.4.2 Pile caps 

gLi R13.4.2 
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13.4.2.1 Overall depth of pile cap shall be selected such that 
the effective depth of bottom reinforcement is at least 300 
mm. 

^ 13.4.2.1 
.(JaVl 300 mm 

13.4.2.2 Factored moments and shears shall be permitted to 
be calculated with the reaction from any pile assumed to be 
concentrated at the centroid of the pile section. 

jj\ ^ Jxlll Jj ^ 13.4.2.2 

jSjJJ u' JjJ’4' 

13.4.2.3 Except for pile caps designed in accordance with 
13.2.6.3, the pile cap shall be designed such that (a) is 
satisfied for one-way foundations and (a) and (b) are satisfied 
for two way foundations. 

(a) 4)Vn > Vu, where Vn shall be calculated in accordance 
with 22.5 for one-way shear, Vu shall be calculated in 
accordance with 13.4.2.5, and cf) shall be in accordance with 
21.2 (b) 4>vn > vu, where vn shall be calculated in 
accordance with 22.6 for two-way shear, vu shall be 
calculated in accordance with 13.4.2.5, and c() shall be in 
accordance with 21.2 

- j... ^ ( 13.2.6.3 4 ^Ij 13.4.2.3 

j ciiU iliLuLuiVI 

cjl.uL.iSh (jc j 

i sLjj'ill 22.5 4 £Saj Vn i (|)Vn > Vu (') 

21.2 4 Cisj (jjSj (ji 4> j ‘ 13.4.2.5 4 CSaj Vu 
i.,.uii,-\j i ^UjII 22.6 *jiill iSij vn (|)vn > vu(b) 
21.2 4 Cisj c|) UJ^J ‘ 13.4.2.5 -4 tisj vu 


13.4.2.4 If the pile cap is designed in accordance with strut- 
and-tie modeling as permitted in 13.2.6.3, the effective 
concrete compressive strength of the struts, fee, shall be 
calculated in accordance with 23.4.3, where Ps = 0.60A., and 
X is in accordance with 19.2.4. 

jA LoS jIau — ^ |j| 13.4.2.4 

LaIaU JIaUI ■t.'" ^jLLa uLaa ‘/yj* i 13.2.6.3 ^jaua 

1 23.4.3 4 llaj i fee 

19.2.4 >1 j Ps = 0.60 X 


COMMENTARY 


R13.4.2.4 It is required to take the effective concrete 
compressive strength from expression (c) in Table 23.4.3 
because it is generally not feasible to provide confining 
reinforcement satisfying 23.5 in a pile cap. 

^ (^v) (JA ^1x411 iaULiajVI iji jl4j| R13.4.2.4 

j^ja La^^ac- Qa iLV 23.4.3 

(.daft J 23.5 
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13.4.2.5 Calculation of factored shear on any section through 
a pile cap shall be in accordance with (a) through (c); 

(a) Entire reaction from any pile with its center located 
dpile/2 or more outside the section shall be considered as 
producing shear on that section. 

(b) Reaction from any pile with its center located dpile/2 or 
more inside the section shall be considered as producing no 
shear on that section. 

(c) For intermediate positions of pile center, the portion of 
the pile reaction to be considered as producing shear on the 
section shall be based on a linear interpolation between full 
value at dpile/2 outside the section and zero value at dpile/2 
inside the section. 

R13.4.2.5 If piles are located inside the critical sections d or 
d/2 from face of column, for one way or two-way shear, 
respectively, an upper limit on the shear strength at a section 
adjacent to the face of the column should be considered. The 
CRSI Handbook (1984) offers guidance for this situation. 

(> d / 2 ji d jialidl Jib ^ blits bj 13-4-2-5 

‘ ‘ j\ (j^ii i A^j 

CRSI (1984) J4j j»4!. jkuia ^ (jiaSll 

^Ij (jj jlaia ylft 6' 4*^ 13.4.2.5 

:(S) (*) -^ 

jA ^ Jxill Jj jflaj 

. ^ jidpile / 2 

UjSjA ^ jj (v) 

. ij\ V Jib jS dpile / 2 

JlAilwdi ^laiAll ^Uul ^ Jai 

<A^j j ^laiAll dpile / 2 

^JaiAli jiUb dpile / 2 


13.4.3 Deep foundation members 


A^JAmJ) ClLyuLwdVl 13.4.3 


13.4.3.1 Portions of deep foundation members in air, water, 
or soils not capable of providing adequate restraint 
throughout the member length to prevent lateral buckling 
shall be designed as columns in accordance with the 
applicable provisions of Chapter 10. 


^IaII ji AiiAaJl CiLbuLwdVI ^ ^aa^ 13-4-3-1 

^IaI Jjia J^^ cjajIu 

.jA^ljdj Ja^II) ^ Saa&U — 


CHAPTER 14-PLAIN CONCRETE 

R14-PLAIN CONCRETE 

iyiiUJI <yLi^l — 14 

14.1—Scope 

JLa-dl 14.1— 

mjUJI <yU^I R14 - 

R14.1—Scope 

jUaai R14.1— 

14.1.1 This chapter shall apply to the design of plain 
concrete members, including (a) and (b); 

(a) Members in building structures 

(b) Members in non-building structures such as arches, 
underground utility structures, gravity walls, and shielding 
walls 


^ Laj 4 jA^Ufr Ja^H) 14.1.1 

AjjLuiI) «.1iIaaIaI1 ^ jA^UxI) 

Aua^jVI ^IjaII J£l^j <.1 iIaa1aI1 ^ jA^UxI) 

S^jIaaII 
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14.1.2 This chapter shall not govern the design of cast-in 
place concrete piles and piers embedded in ground. 

R14.1.2 Structural elements, such as cast-in place plain 
concrete piles and piers in ground or other material 
sufficiently stiff to provide adequate lateral support to 

^ ^ 14.1.2 

^ Sj^axaI) ^Lwdjllj 

prevent buckling, are not covered by the Code. Such 
elements are covered by the general building code. 

j CaIaaaVI (Jjjl^ (.pA 4 jA^UaJl Jjill (Jaail V R14 .1.2 

j^jil AjS Laj ^jiSfl JIjaII ji i^JiS 

AifiAAljj ja^UaI) dilA ^jaIU) ^1a1 

14.1.3 Plain concrete shall be permitted only in cases (a) 
through (d): 

(a) Members that are continuously supported by soil or 
supported by other structural members capable of providing 
continuous vertical support 

(b) Members for which arch action provides compression 
under all conditions of loading 

(c) Walls 

(d) Pedestals 

R14.1.3 Because the strength and structural integrity of 
structural plain concrete members is based solely on the 
member size, concrete strength, and other concrete 
properties, use of structural plain concrete should be limited 
to members: 

(a) That are primarily in a state of compression (b) That can 
tolerate random cracks without detriment to their structural 
integrity (c) For which ductility is not an essential feature of 
design 

:(J) (i) CiVLaJl ^ V! klLM jaJb V 14.1.3 

jA^U& jl jlj. 4 l 4 .ulj Ajjlll l^..4fr.ii ^^lil jA^UxIl ^1^ 

J. 4 IUI .4 ^^-<-ulj djjU 

Jj.4^1 iajjA^ iakuall (juijill J.4& jA^UsJl 

(s) 

AiiAwil! 4JLaa jaJl pLA^a&Sf ^UajVI (jV 1 jlaj R14 .1.3 

AjIaaj^I AjIaaj^I djfij fLiAafrVl iaid .l4jaj 

;pLua£'VI ^Ia^VI ^Laaj^I ja^jIj i. ^jaVI 

iaLua JjVl ^IaaII jjSj (!) 

Ii^AA^LaAJ j1j.i^V1 ^.^IjaaaII ^JjAaaI) ^A ^^LaAJJ (J^AJ (^ii) 

A^IaaI 4«AAA iliAA^ (^) 

14.1.4 Plain concrete shall be permitted for a structure 
assigned to Seismic Design Category (SDC) D, E, or F, only 
in cases (a) and (b): 

(a) Footings supporting cast-in-place reinforced concrete or 
reinforced masonry walls, provided the footings are 
reinforced longitudinally with at least two continuous 
reinforcing bars. Bars shall be at least No. 13 and have a total 
area of not less than 0.002 times the gross crosssectional area 
of the footing. Continuity of reinforcement shall be provided 
at corners and intersections. 

(b) Foundation elements (i) through (iii) for detached one- 
and two-family dwellings not exceeding three stories and 
constructed with stud bearing walls: 

(i) Footings supporting walls 

(ii) Isolated footings supporting columns or pedestals 

(iii) Foundation or basement walls not less than 190 mm. 
thick and retaining no more than 1.2 m of unbalanced fill. 

The tensile strength of concrete can be used in design of 
structural plain concrete members. Tensile stresses due to 
restraint from creep, shrinkage, or temperature effects are to 
be considered to avoid uncontrolled cracks or structural 
failure. For residential construction within the scope of ACI 
332, refer to 1.4.5. 

, *j.■ .t .it 

ji ^L.£jVI ji 4,^1111 ibilj lajkua dl&lj,. 

.1.4.5 J! ‘ ACI 332Jllaj f.U41 

AjiJ LmIaU ^IauJJ^Ij ^LaaaI) ^ 14.1.4 

;(u) J (i) cjVbJl J iii . F ji E ji (SDC) D 

(jlj^^l ^ jl ^ AjJJa^aI) ^.^LaaII AjIaAJ^II 4_4&b lIjIaaIaujI 

^LjliuiJ ^jJ^JAUi ^A A^1 aa4 (JjIaujIaaVI (ji ^ A^IaaaII 

^Iaaaj 13 ^J JSVI ^LaaVI U*^ 

^^Auajxll ^laiAll ^Ia^VI ^IaaaI) cilauiai 0.002 Cf" 

. c-«U WV<\ij Lljjil .1 j& ^uIaaIUI ^jIjajaaI j^jj (jaIau^ 

^ ^t_L^a*-aU ^L4Aa 11 (iii) (1) CjIaaIaaVI jA^Ufr (u) 

^aIiaIIj V di&lj 

; J^A^ 
CjIaaIaaI (i) 

d^ofrVl cIjIaaIaaI (ii) 

Jaii^ Vj 4£jaaa .190 mm V (jlj.i^l ajc-li j\ ^LaaSTI (iii) 

.AjjI,^^ j^l ^ajaII) m 
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14.1.5 Plain concrete shall not be permitted for columns and 
pile caps. 

R14.1.5 Because plain concrete lacks the necessary ductility 
that columns should possess, and because a random crack in 
an unreinforced column will most likely endangerits 

V 14.1.5 

structural integrity, the Code does not permit use of plain 
concrete for columns. It does allow its use for pedestals 
limited to a ratio of unsupported height to least lateral 
dimension of 3 or less (refer to 14.1.3(d) and 14.3.3). 

14.2—General 

5«ajiU! jSiaj ^jLsdl 4JLyu^jV R14.1.5 

V 

Ajmuj S-IjAaII ^ 1^1, dAo^bU ^jUJI ^Lyuj^l 

14.1.3 (J^i ji 3 (J 2 VI iA £^UjjVI (> 

).14.3.3 j(d) 

^Ull 14.2 

14.2.1 Materials 

■1M14.2.1 

R14.2—General 

^Uil R14.2 

14.2.1.1 Design properties for concrete shall be selected to 
be in accordance with Chapter 19. 


19 jLu^l 14 211 


14.2.1.2 Steel reinforcement, if required, shall be selected to 
be in accordance with Chapter 20. 


,20 ^ i iJj i ^ 14.2.1.2 


14.2.1.3 Materials, design, and detailing requirements for 
embedments in concrete shall be in accordance with 20.7. 


^ (jM CjUlialftl (jjij (ji 14.2.1.3 

.20.7 -1 £Saj 


14.2.2 Connection to other members 


j.-aljdlj JL^Vl 14.2.2 

R14.2.2 Connection to other members 

14.2.2.1 Tension shall not be transmitted through outside 
edges, construction joints, contraction joints, or isolation 
joints of an individual plain concrete element. 

tjjiVl j-aUxlb JL^Vl R14.2.2 

ji ji ciijiai 14^11 Jail v 14 . 2 . 2.1 

R14.2.2.2 Provisions for plain concrete walls are applicable 
only for walls laterally supported in such a manner as to 
prohibit relative lateral displacement at top and bottom of 

14.2.2.2 Walls shall be braced against lateral translation. 

individual wall elements. The Code does not cover walls 
without horizontal support to prohibit relative displacement 

JlSlu'ill A4a fj) 14.2.2.2 

at top and bottom of wall elements. Such laterally 
unsupported walls are to be designed as reinforced concrete 
members in accordance with the Code. 

VI jaJi 0l3-^Lill j.lia.VI (ijk2 V R14.2.2.2 

-<*lt A^L^I ^IjVI t^i ^..o&AaII ^Ij.1^1 

jlaaJ fJiSii QjJ (jljJ^I Jjill (.jiaij V. jlJ^I Jkjiij 

^lj.1^1 lajLaJl JiAmjIj ^jjlll 

lisj i-vl.,..' ^LuaclS 1^ < ■ .1 
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14.2.3 Precast 

Mali 14.2.3 


14.2.3.1 Design of precast members shall consider all 
loading conditions from initial fabrication to completion of 
the structure, including form removal, storage, 
transportation, and erection. 

jUjcVI ^ (ji 14.2.3.1 

iillj ^ Laj ( LUftlj (jA ^ JjA.y'.tt jajjA^ 

j 4 JiUU ojjabll I jAAilll 411 Jj 

14.2.3.2 Precast members shall be connected to transfer 
lateral forces into a structural system capable of resisting 
such forces. 

^1 4j^,*l.vU ^j^l Jill 4a^,..iA jA^Uall lajj 14.2.3.2 

,^jill dJA jjli 

14.3—Design limits 

[ftitanill 14.3 - 

14.3.1 Bearing walls 

Slatall 14.3.1 


14.3.1.1 Minimum bearing wall thickness shall be in 
accordance with Table 14.3.1.1. 

JjJall Ci^ jAilaJl jlJaJl JadI ai% 6' 14.3.1.1 

.14.3.1.1 

Table 14.3.1.1—Minimum thickness of bearing walls 


Jatall 4^1 JL>aai - 14.3.1.1 


Wall type 

iVtinimum thickness 

General 

Greater 

of: 

140 mm 

1/24 the lesser of unsupported 
length and unsupported height 

Exterior basement 

190 mm 

Foundation 

190 mm 


COMMENTARY 

R14.2.3 Precast—Precast structural plain concrete members 
are considered subject to all limitations and provisions for 
cast-in-place concrete contained in this chapter. The 
approach to contraction or isolation joints is expected to be 
somewhat different than for cast-in-place concrete because 
the major portion of shrinkage in precast members occurs 
prior to erection. 

UA^l 4aj..iAtl \t 4 JLajj^I jA^Ufr ~ UA^j (Jjaam R14 .2.3 

IJA ^ 4 m^ia' 1 ' 4A.AAaLk 

I^Jxll ji jA.dLl.dl u,^L.Aii 

4 a^<. .lA ^LaascVI (_pL.>£jVI (jA ^J^l J)V ^Ja1\ ^ 

"''I J^ uiAdll 

To ensure stability, precast members should be connected to 
other members. The connection should transfer no tension. 

, f4 ^ 4jadj.a J^ jAdb& ^ jIjIIaajVI Jj' 

.4a^I JIL V JLA.djVI J|i 


R14.3—Design limits 

R14.3 - 

R14.3.1 Bearing walls—Plain concrete walls are commonly 
used for basement wall construction for residential and light 
commercial buildings in low or non-seismic areas. Although 
the Code imposes no absolute maximum height limitation on 
the use of plain concrete walls, experience with use of plain 
concrete in relatively minor structures should not be 
extrapolated to using plain concrete walls in multistory 
construction and 

^bd ^bAijkll » '4.*. ,1* _ 4A.al^| R14.3.1 

ji 4 .>ia4* A\t ^W*A\t ^ ^jL^dlj 4jX. .itt ^bAd 

4.t'hj o' O^ ^ 

^ ^Laaij^I ^|4^1aaiI ^ o' ‘ ^4lxh ^LaaijAII .1 <4'. ,it 

4 J 4 . ..j4 \1 a! ^4*,. ..1^, LA^I^^AIaAiI ^ V ^ 4jdAAAAJ J^L^ 

JJxjAi ^bdl ^ 

Other major structures where differential settlement, wind, 
earthquake,or other unforeseen loading conditions require 
the walls to possess some ductility and ability to maintain 
integrity when cracked. For such conditions, ACI Committee 
318 strongly encourages the use of walls designed in 
accordance with Chapter 11. 

tl' j' JjVJl'j bijliidl (ioi'Vl 4 jaaiOj1| JSLj^IIj 

ijJ&j 4jjdl o^^ JjA.v* 

4d^ i cijjidl »JA |^£4A.dj dc ^lAdVI JLuSVI 

Ja^AU LAA^ 4.AAA/aA\) (jlj4^l ^l4klAAj| dJA^ACI 318 
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14.3.2 Footings 

taUU^SI 14.3.2 

R14.3.2 Footings 

R14.3.2 

14.3.2.1 Footing thickness shall be at least 200 mm. 

R14.3.2.1 Thickness of plain concrete footings of usual 
proportions will typically be controlled by flexural strength 

.(JaSll (jlft 200 mm chLuiVI (ji 14.3.2.1 

rather than shear strength (refer to R14.5.5.1). For footings 
cast against soil, overall thickness h used for strength 
computations is specified in 14.5.1.7. 

14.3.2.2 Base area of footing shall be determined from 
unfactored forces and moments transmitted by footing to soil 
and permissible soil pressure selected through principles of 
soil mechanics. 

CjIj ^ ^ dJl£R14.3.2.1 

^ fU^Vl dj2 (jA dJUjtAll uiuull 

Cjlia^W R14.5.5.1). ^ 

LgLui^ ^ h ^ (3.,^ 

.14.5.1.7 

(j.uU.uVl d.^li ^L4.u.a 14-3-2-2 

ijM iasLuaj ^tyuVI 


14.3.3 Pedestals 

MiJall 14.3.3 

R14.3.3 Pedestals 

MiJall R14.3.3 

14.3.3.1 Ratio of unsupported height to average least lateral 
dimension shall not exceed 3. 

R14.3.3.1 The height-thickness limitation for plain concrete 
pedestals does not apply for portions of pedestals embedded 
in soil capable of providing lateral restraint. 

±ij Jii jjL&jj Vi 14.3.3.1 

.3 

4JL-UjaJl ^ R14.3.3.3 

djjUJl ^ 4.10.^1^11 Ajjlxll JC'ljill flj^i ^Jlxll 

^*L-v 
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14.3.4 Contraction and isolation joints 

R14.3.4 Contraction and isolation joints 

J>alli 14.3.4 

J>alli R14.3.4 

14.3.4.1 Contraction or isolation joints shall be provided to 
divide structural plain concrete members into flexurally 
discontinuous elements. The size of each element shall be 
selected to limit stress caused by restraint to movements 
from creep, shrinkage, and temperature effects. 

R14.3.4.1 Joints in plain concrete construction are an 
important design consideration. In reinforced concrete, 
reinforcement is provided to resist the stresses due to 
restraint of creep, shrinkage, and temperature effects. In 
plain concrete, joints are the only means of controlling, and 
thereby relieving, the buildup of such tensile stresses. A 

JjxJl ji ^ 14.3.4.1 

^ 

.Sjl 

plain concrete member should therefore be small enough, or 
divided into smaller elements by joints, to control the 
buildup of internal stresses. 

dlljldicVI iy> ^Jbdl j^l ^U^l Ji.dljill jfi*j R14 .3.4.1 

^ .djlj^l dilj^bj ( ( (»4^jll (jf- 4-4^1111 di|jl^.^vi 

■ 1 .s-v'U Al^^l Ji.dLLdl 1 CjIxII ^Luj^I 

j^iaJl ijjij (ji i41.ll ,AjA 41| liji .>ill tJA JI 4 0^ 

iLkuljj j&.t.di ji.dLlc ^1 1.41 111, jl 1 AjLiill lUS Lu l*<j‘ 

(jc ijl.^ ,^.1^141 SayuSal\ .<-v'll t Ji.dljlll 

, Ji^A. ^i (jJuLftSjl 

The joint may be a contraction joint or isolation joint. A 
minimum 25 percent reduction of member thickness is 
typically sufficient for contraction joints to be effective. The 
jointing should be such that no axial tension or flexural 
tension can be developed across a joint after cracking, if 
applicable—a condition referred to as flexural discontinuity. 
Where random cracking due to creep, shrinkage, and 
temperature effects will not affect structural integrity and is 
otherwise acceptable (such as transverse cracks in a 
continuous wall footing), transverse contraction or isolation 
joints should not be necessary. 

14.3.4.2 The number and location of contraction or isolation 
joints shall be determined considering (a) through (f): 

(a) Influence of climatic conditions 

(b) Selection and proportioning of materials 

(c) Mixing, placing, and curing of concrete 

(d) Degree of restraint to movement 

(e) Stresses due to loads to which an element is subjected 

(f) Construction techniques 

^Loll ^ 25 .1^1 La dJlf 

Ja^ ij\ ^ Ja^LaI} .^Isi ^Lo^jVI jA^lLa 

ijkj - ULa.a iillj i^JS 1j| ( djJA.u£j Ja^Lo fUljl jl 

V ^UaUl 1^4 14^1 jL^ 

4 ^IaajVI SjljaJl ^jjj 4 QrtlVlDj 4 

V jl 4 ^jA^ljla jl>l^ ^ cJ^A^ 

Jii-dLLa jl jxll qaISjJI 4jj% 

:(j) (^! (i) ji J-it 14.3.4.2 

(^) 

La jA^I& JLo^Vl 
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14.4—Required strength 

<y^MI <wiUlll4.4 - 

14.4.1 General 

14.4.1 

R14.4—Required strength 

iu^Uall <UiUll R14.4 - 

R14.4.1 General 

R14.4.1 

14.4.1.1 Required strength shall be calculated in accordance 
with the factored load combinations defined in Chapter 5. 

R14.4.1.1 Plain concrete members are proportioned for 
adequate strength using factored loads and forces. When the 

tiSj 14.4.1.1 

•5 

design strength is exceeded, the cross section should be 
increased or the specified strength of concrete increased, or 
both, or the member designed as a reinforced concrete 
member in accordance with the Code. An increase in 

14.4.1.2 Required strength shall be calculated in accordance 
with the analysis procedures in Chapter 6. 

concrete section may have a detrimental effect; stress due to 
load will decrease but stresses due to creep, shrinkage, and 
temperature effects may increase. 

(jk tiSj 14-4-1-2 

.5 

djil) ^ V R14.4.1.1 

dJbj i djd ^ 

14.4.1.3 No flexural continuity due to tension shall be 
assumed between adjacent structural plain concrete elements. 

ji i ji ( ^Lyuj^ djill dJLjj jl 

^ ^ jJ3a£ 

UJ% 

Awll) jljAUiul V 14.4.1.3 


14.4.2 Walls 

14.4.2 


14.4.2.1 Walls shall be designed for an eccentricity 
corresponding to the maximum moment that can accompany 
the axial load but not less than O.lOh, where h is the wall 
thickness. 


(ji Jjlii A^j.aV ijM fiAuit 14-4-2-1 

4^L>.u ijA h ‘h 0.10 Cfi 


14.4.3 Footings 

ki;iUU;il 14.4.3 

14.4.3.1 General 

14.4.3.1 


14.4.3.1.1 For footings supporting circular or regular 
polygon-shaped concrete columns or pedestals, it shall be 
permitted to assume a square section of equivalent area for 
determining critical sections. 


ji 14.4.3.1.1 


14.4.3.2Factored moment 

f»jxh 14.4.3.2 


14.4.3.2.1 The critical section for Mu shall be located in 
accordance with Table 14.4.3.2.1. 


.14.4.3.2.1 Jj-iail £iaj Mu -1 jJaiall 14.4.3.2.1 
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Table 14.4.3.2.1—Location of critical section for Mu 


Mu ^ jiaiall - 14.4.3.2.1 Jj'iaJl 


Supported member 

Location of critical section 

Column or pedestal 

Face ofcolumn or pedestal 

Column with steel base plate 

Halfway between face of column and 
edge of steel base plate 

Concrete wall 

Face of wall 

Masonry wall 

Halfway between center and face of 
masonry wall 


14.4.3.3 Factored one-way shear 

jj 14.4.3.3 

14.4.3.3.1 For one-way shear, critical sections shall be 
located h from (a) and (b), where h is the footing thickness. 

(a) Location defined in Table 14.4.3.2.1 

(b) Face of concentrated loads or reaction areas 

h i (j^*" 14.4.3.3.1 

h 4.ij;\ i j ija 

1-2-3-4-14 J (i) 

JUiVl ji dj£jAlj 

14.4.3.3.2 Sections between (a) or (b) of 14.4.3.3.1 and the 
critical section for shear shall be permitted to be designed for 
Vu at the critical section for shear. 

14.4.3.3.1 c> (“) ji (i) ua jJatLdI jilJaiuiL jiAuu 14-4-3-3-2 

jJaLdl ^ Vu jJaidlj 

14.4.3.4 Factored two-way shear 

jj 14.4.3.4 

14.4.3.4.1 For two-way shear, critical sections shall be 
located so that the perimeter bo is a minimum but need not 
be closer than h/2 to (a) through (c): 

(a) Location defined in Table 14.4.3.2.1 

(b) Face of concentrated loads or reaction areas (c) Changes 
in footing thickness 

i j (j^»" 14.4.3.4.1 

uj^ o' "ii u^J j* bo ai% 

(c):t#^! (a) h / 2 u- 
1-2-3-4-14 J (i) 

JUiVl ji djSjAll JLo^Vl 


COMMENTARY 


R14.4.3.4 Factored two-way shear 

jj ^>.>.^1 R14.4.3.4 

R14.4.3.4.1 The critical section defined in this provision is 
similar to that defined for reinforced concrete elements in 
22.6.4.1, except that for plain concrete, the critical section is 
based on h rather than d 

tjLdl ^ ^JaLdl R14.4.3.4.1 

i 22.6.4.1 

h -lAJxj ^^>^1 ^laiAll i 
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14.4.3.4.2 For square or rectangular columns, concentrated 
loads, or reaction areas, the critical section for two-way shear 
shall be permitted to be calculated assuming straight sides. 


ji »jS jA\ JU»,Sh ji ji ^»±«c.iu 14 . 4 . 3 . 4.2 

( JlxSVl 


14.5—Design strength 

R14.5—Design strength 

R14.5.1 General 

14.5.1 General 

14.5.1 

R14.5.1 

14.5.1.1 For each applicable factored load combination, 
design strength at all sections shall satisfy cjtSn > U, 
including (a) through (d). Interaction between load effects 
shall be considered. 

R14.5.1.1 Refer to R9.5.1.1. 

R9.5.1.1.t^l! e.W'O^' R14.5.1.1 

1. j ( ^Lllo^Ls 14-.5.1.1 

Laj ( "(|) Sjj > U” 'LiAiAj-ajll 

5 Ij... U t_ 

(a) ct)Mn > Mu 

(b) 4)Pn > Pu 

(c) ct)Vn> Vu 

(d) 4)Bn > Bu 


14.5.1.2 4> shall be determined in accordance with 21.2. 

R14.5.1.2 The strength reduction factor c() for plain concrete 
design is the same for all strength conditions. Because both 

.21.2 -1 o' <|) 14.5.1.2 

flexural tensile strength and shear strength for plain concrete 
depend on the tensile strength characteristics of the concrete, 
with no reserve strength or ductility possible due to the 
absence of reinforcement, equal strength reduction factors 
for both bending and shear are considered appropriate. 

4.u4j jA ^Lui(|) tjill l)^1£R14 .5.1.2 

djdj >14^1 djfi 1 djil) 

^ i dj2 Aaj&j 4Ja;U^) ^Lyuj^ 

^ jl 

fU^Vl AjjLan^ 
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14.5.1.3 Tensile strength of concrete shall be permitted to be 
considered in design. 

R14.5.1.3 Flexural tension may be considered in design of 
plain concrete members to resist loads, provided the 
calculated stress does not exceed the permissible stress, and 

il^l 14.S.1.3 

construction, contraction, or isolation joints are provided to 
relieve the resulting tensile stresses due to restraint of creep, 
shrinkage, and temperature effects. 

14.5.1.4 Flexure and axial strength calculations shall be 
based on a linear stress-strain relationship in both tension and 
compression. 

^Lwjja fLiaC'i ^ ^UajVI Aa^I R14 .5.1.3 

i Aj jjIajj V ^ JLaaVI 

Aa^I (ja t AAa-v.-i.U Jjajl jj jl pUJi ^ ^ 

fU^Vl <-Ji^ 14.5.1.4 

^ j£ ^ Jlxijl- 

AajJ j ( AajIAa 0jU11 

14.5.1.5 X for lightweight concrete shall be in accordance 
with 19.2.4. 


.19.2.4 -1 ui^J u' uJj^' AjLuijih X 14.5.1.5 


14.5.1.6 No strength shall be assigned to steel reinforcement. 


,^ulyiul) jj\ ^ 14.5.1.6 


14.5.1.7 When calculating member strength in flexure, 
combined flexure and axial load, or shear, the entire cross 
section shall be considered in design, except for concrete cast 
against soil where overall thickness h shall be taken as 50 
mm. less than the specified thickness. 

R14.5.1.7 The reduced overall thickness h for concrete cast 
against earth is to allow for unevenness of excavation and for 
some contamination of the concrete adjacent to the soil. 

jtk ^ }i AaIIII ^LoaaII R14.5.1.7 

^ CjjLajHj ^IaaaI) 

i >^14.5.1.7 

^ (ji ^L4.U^)^I IA& La ( 

.SawaH ^LA4.a.l) (jA Jfii 50 mm 


14.5.1.8 Unless demonstrated by analysis, horizontal length 
of wall to be considered effective for resisting each vertical 
concentrated load shall not exceed center-to-center distance 
between loads, or bearing width plus four times the wall 
thickness. 


^aII jIa^ ^ JaIaiaIL ^ ^14.5.1.8 

AiLwioa dj£^ j£ ^.ajlLal VLlS 

.jIa^} ^Lami i»ilxJai ^JUji AjIj Jaaj ji ^ JLaaVI 
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14.5.2 Flexure 


14.5.2 


R14.5.2 Flexure 


jU^;il R14.5.2 


14.5.2.1 Mn shall be the lesser of Eq. (14.5.2.1a) calculated 
at the tension face and Eq. (14.5.2.1b) calculated at the 
compression face: 

yi (14.5.2.1a) (Jai Mn 14.5.2.1 

ijC’ (14.5.2.1b) 

K=Ul-^fX (M.5.2.1a) 

M, = U5f;S, (14.5.11b) 

where Sm is the corresponding elastic section modulus. 

^jj.a J.alx.a SIM 

14.5.3 Axial compression 

blMi;ill4.5.3 


R14.5.2.1 Equation (14.5.2.1b) may control for 
nonsymmetrical cross sections. 

jialldl J (.Sail! (14.5.2.1b) Jj^l4-5-2-l 


R14.5.3 Axial compression 

tij^l laUiai;il R14.5.3 


14.5.3.1 Pn shall be calculated by: 


p,=m:\ 


1- 


fu Pn 14.5.3.1 

t V 

( 14 . 5 . 3 . 1 ) 


v32/iy 


R14.5.3.1 Equation (14.5.3.1) is presented to reflect the 
general range of braced and restrained end conditions 
encountered in plain concrete elements. The effective length 
factor was omitted as a modifier of fc, the vertical distance 
between supports, because this is conservative for walls with 
assumed pin supports that are required to be braced against 
lateral translation as in 14.2.2.2. 

(.1*11 jOiai (14.5.3.1) (jije j.2R14.5.3.1 

(jM A^ijll ^LumIIj t J Jj**S Jl*ill J^^lall J..l£ cil* 

A.uajl*All ^IjA^I jjj**:! Lajli.4 ^ 

.14.2.2.2 ^ijvi u^^UsaII 


14.5.4 Flexure and axial compression 


R14.5.4 Flexure and axial compression 


t^j^l b^lj jUaiiill 14.5.4 


t^j^l Ja^lj jUajill R14.5.4 


14.5.4.1 Unless permitted by 14.5.4.2, member dimensions 
shall be proportioned to be in accordance with Table 
14.5.4.1, where Mn is calculated in accordance with 
14.5.2.1(b) and Pn is calculated in accordance with 14.5.3.1. 

j.t^Ll*ll AUjI -t (14.5.4.2 Aj ^aujj ^ La 14.5.4.1 

)14.5.2.1 Mn ^ ‘14.5.4.1 

14.5.3.1. ISij PN (“ 
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Table 14.5.4.1—Combined flexure and axial 
compression 


Locatiou 

luteractioD equation 


Tension face 


(a) 

Compression face 

-^ + ^<1.0 
w„ 

(b) 


j JaLAlIj — 14.5.4.1 


14.5.4.2 For walls of solid rectangular cross section where 
Mu < Pu(hl6), Mu need not be considered in design and Pn is 
calculated by 


Mu < Pu{hl6) jlaliU o'j-^ 14.5.4.2 

^ ^ jlaill Ji\ jLiaj VM« ‘ 


F„=0.45/;4 



(14.5.4.2) 


Table 14.5.5.1—Nominal shear strength 


Shear action 

Nominal shear strength Vn 


One-way 

0.11k^\h 

(a) 

Two-way 

Lesser of: 

(^1 + 00.11X7)^4*) 

(b) 

2 ( 0 , 11 x 7 ^ 4 *) 



is the ratio of long side to short side of concentrated load or reaction area. 


14.5.5 Shear 


u^l R14.5.5 


14.5.5.1 Vn shall be calculated in accordance with Table 
14.5.5.1. 

.14.5.5.1 ISaj Vn 14.5.5.1 


AaAwjVl -14.5.5.1 

.ljull Jj jl J.4I ujt^l ‘Uuu 


R14.5.4.2 If the resultant load falls within the middle third of 
the wall thickness, plain concrete walls may be designed 
using the simplified Eq. (14.5.4.2). Eccentric loads and 
lateral forces are used to determine the total eccentricity of 
the factored axial force Pu. Equation (14.5.4.2) reflects the 
range of braced and restrained end conditions encountered in 
wall design. The limitations of 14.2.2.2, 14.3.1.1, and 
14.5.1.8 apply whether the wall is proportioned by 14.5.4.1 
or by 14.5.4.2 


i ^ lowjjVl difUl ^ ^Ui) (3.4^1 4jl£ IjI R14.5.4.2 


cilj&jVI AjJSJL a^VI .(14.5.4.2) 

ijla (14.5.4.2) (jjiSxjj Ajj.u-^a 1) SjiU 

^ 

jljJl IJI U ^ 14.5.1.8 j 14.3.1.1 j 14.2.2.2 

14.5.4.2 ji 14.5.4.1 ^ 


R14.5.5 Shear 


R14.5.5 


R14.5.5.1 Proportions of plain concrete members usually are 
controlled by tensile strength rather than shear strength. 
Shear stress (as a substitute for principal tensile stress) rarely 
will control. However, because it is difficult to foresee all 
possible conditions where shear may have to be investigated, 
such as shear keys. Committee 318 maintains the 
investigation of this basic stress condition. 

^jLxII ^Luij4fl jibdUc uiuu ^ ^ 1-1-5~5~14 

JjA^) ^ t.a IjJU SIAj 

ijA AJVj i 

lAa'-v' ^ ^uLLa 1 ^ ^ja-v*'l A\ 

.aJA A^LuSh ^ 318 A4^l 

The shear requirements for plain concrete assume an 
uncracked section. Shear failure in plain concrete will be a 
diagonal tension failure, occurring when the principal tensile 
stress near the centroidal axis becomes equal to the tensile 
strength of the concrete. Because the major portion of the 
principal tensile stress results from shear, the Code 
safeguards against tension failure by limiting the permissible 
shear at the centroidal axis as calculated from the equation 
for a section of homogeneous material: 

i JjLa Aa^ Ja^ ^ Jaai£ 

^jIaaj ujllL AaH) iak4a LaAj& 

^AaaiI) a ^ -vl ^.AjIaa^a^^ AaaI) Aas^LAa 

A^l (JjLall AAAiij (Ja^ (JA ^ i 

^ ^AIxaI) (JA AjIaA^ ^ i ^ Aj ^^^AAAAaII 

■AaauI^aaII Al^^j ^aa£ 
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14.5.6 Bearing 

14.5.6 


14 . 5 . 6.1 Bn shall be calculated in accordance with Table 

14.5.6.1 

14 . 5 . 6.1 Bn 14 . 5 . 6.1 


Table 14.5.6.1—Nominal bearing strength 


Relative geometric 
couditioDs 



Supporting surface 
is wider on all sides 

than the loaded area 

Lesser of: 

.JaJA^ {0.»5 fJA,) 

(a) 

2(0.i5fJAt} 

(b) 

Other 

0.85/c'.4i 

(c) 


AuaujVI — 14 . 5 . 6.1 


14.6—Reinforcement detailing 

14.6 

14 . 6.1 At least two No. 16 bars shall be provided around all 
window and door openings. Such bars shall extend at least 
600 mm. beyond the corners of openings. 

cjlajs 16 jjSjj ^ 14 . 6.1 

mm 600 »j* ji«j o' 

.cjL&Iiil 


CHAPTER 15-BEAM-COLUMN AND 
SLAB- COLUMN JOINTS 

6>aS - - 15 

15.1—Scope 

JLa-Jl 15.1 

15 . 1.1 This chapter shall apply to the design and detailing of 
cast-in-place beam-column and slab-column joints. 

dj.a£ - j a , 15 . 1.1 


V = VQUb 

where v and V are the shear stress and shear force, 
respectively, at the section considered; Q is the statical 
moment of the area above or below the centroid of the gross 
section calculated about the centroidal axis; I is the moment 
of inertia of the gross section; and b is the section width 
where shear stress is being calculated. 

jxulih ^ ij!c- ijij V J V 

^JaUl (jA ..jU AtUaUl JIaajI ji aaU.AU Q 

^laLah jjAAill) J.JI ^jaai^aa ^La^VI 

uIaaa^ A^ ^ ^laLatl jA hj 


R15-BEAM-COLUMN AND SLAB- COLUMN 
JOINTS 

iia)L - o>a£ - -15 
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15.2—General 


15.2.2 If gravity load, wind, earthquake, or other lateral 
forces cause transfer of moment at beam-column or slab- 
column joints, the shear resulting from moment transfer shall 
be considered in the design of the joint. 

R15.2—General 

Tests (Hanson and Conner 1967) have shown that the joint 
region of a beam-to-column connection in the interior of a 
building does not require shear reinforcement if the joint is 
laterally supported on four sides by beams of approximately 

,»U 15.2 

ji ji ji C- 1 .UHJ iji 15 . 2.2 

.J.<a4a]! ^ Jliljl ^Ull ^ 

equal depth. However, joints that are not restrained in this 
manner, such as at the exterior of a building, require shear 
reinforcement to prevent deterioration due to shear cracking 
(ACI 352R). These joints may also require transverse 
reinforcement to prevent buckling of longitudinal column 

15.2.3 Beam-column and slab-column joints that transfer 
moment to columns shall satisfy the detailing provisions in 
15.4. Beam-column joints within special moment frames, 
slab-column joints within intermediate moment frames, and 
beam-column and slab-column joints in frames not 
designated as part of the seismic-force-resisting systems in 
structures assigned to Seismic Design Categories D, E, or F, 
shall satisfy Chapter 18. 

reinforcement. For regions where strong earthquakes may 
occur, joints may be required to withstand several reversals 
of loading that develop the flexural strength of the adjoining 
beams. Chapter 18 provides requirements for earthquake 
resistant structures. 

^Ull R15.2 

(1967 Cjj^Jai 

bl ^uluu CjiiUaTii V ijA ^ u^\ 

JiiJ - J^^aCj 9 jaS — Ja^LAa (ji 15.2.3 

(jAua 9 jaS Ja^IIa .15.4 9±afrVI 

iiawijla cliljUal (jaJa Aia^ -JjAfr Ja^Ua 4(j^L^ 1 ^jxll iJjljUal 

(jA cliljUal Aia^ djA£ Jja& Ja^Uaj 

.18 o' ‘ F ji ‘E ‘D 

(^^aP CjIJ 9ja£ Iaj&.L4 

d.^ ^ V (^1 jLwila 

jl^Vl ^1 a1 4^.UaH (jA ^ Ia£ 

lliaji 9^ (ACI 352R). ciliLiu t-mAj 

AiUai\Ij ^Ix^Vl dJbJ ^IaI 

(jA .^.^1 Ja^aI 

IS .9jj1^a11 9^)aLU pUjjVI ^jHa kljLudl^gul 

15.2.4 A beam-column joint shall be considered to be 
restrained if the joint is laterally supported on four sides by 
beams of approximately equal depth. 

^jHaII 

^ IjI 9.1^ djA^- j^^A& Ja^Ia jlii&l 15.2.4 

.Ujj^ (^jLwua iJjIJ 0^ 


15.2.5 A slab-column joint shall be considered to be 
restrained if the joint is laterally supported on four sides by 
the slab. 


— ^^jaP (jj jUj&I 15.2.5 

(^1,^ Cy^ 
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15.3—Transfer of column axial force through the 
floor system 

15.3.1 If fc' of a column is greater than 1.4 times that of the 
floor system, transmission of axial force through the floor 
system shall be in accordance with (a), (b), or (c): (a) 
Concrete of compressive strength specified for the column 
shall be placed in the floor at the column location. Column 
concrete shall extend outward at least 2 ft into the floor slab 
from face of column for the full depth of the slab and be 
integrated with floor concrete, (b) Design strength of a 
column through a floor system shall be calculated using the 
lower value of concrete strength with vertical dowels and 
spirals as required to achieve adequate strength, (c) For 
beam-column and slab-column joints that are restrained in 
accordance with 15.2.4 or 15.2.5, respectively, it shall be 
permitted to calculate the design strength of the column on 
an assumed concrete strength in the column joint equal to 75 
percent of column concrete strength plus 35 percent of floor 
concrete strength, where the value of column concrete 
strength shall not exceed 2.5 times the floor concrete 
strength. 


<^0jli!l |»Uu J^aifill Mj^l 6^1 Jm -15.3 

Jijj jVl 1.4 ' fc ijj 15.3.1 

ji J CiSj (ji AouajVI 

I*!* ■t.'" ;(^) ji (u) 

2 JjLill sXaCVI Jl»j jj\ I_^ 

^ (jij ^51^ 4 ^ Aj.4ajVl Aia5tj ^ 

J 5 IA fjji ^ ,Au.4ajVI 

i 15,2.5 ji 15.2.4 djllU ajjiAll 4Ja5tj- d^).a£- 

^ ^ 75 i_^\ ^ 

V tAj.4aj5U ^ ^ 35 (^! 

,4.j.4aj5U ^jl^.41) Qa dj.a 2.5 


COMMENTARY 

R15.3—Transfer of column axial force through the floor 
system 

The requirements of this section consider the effect of floor 
concrete strength on column axial strength (Bianchini et al. 
1960). Where the column concrete strength does not exceed 
the floor concrete strength by more than 40 percent, no 
special provisions are required. For higher column concrete 
strengths, methods in 15.3.1(a) or 15.3.1(b) can be used for 
corner or edge columns. Methods in 15.3.1(a), (b), or (c) can 
be used for interior columns with adequate restraint on all 
four sides. The requirements of 15.3.1(a) locate the interface 
between column and floor concrete at least 600 mm into the 
floor. Application of the concrete placement procedure 
described in 15.3.1(a) requires the placing of two different 
concrete mixtures in the floor system. The lower-strength 
mixture should be placed while the higher-strength concrete 
is still plastic and should be adequately vibrated to ensure the 
concretes are well integrated. It is important that the 
higherstrength concrete in the floor region around the 
column be placed before the lower-strength concrete in the 
remainder of the floor to prevent accidental placing of the 
lower- strength concrete in the column area. 

As required in Chapter 26, it is the responsibility of the 
licensed design professional to indicate on the construction 
documents where the higherand lower-strength concretes are 
to be placed. Research (Ospina and Alexander 1998) has 
shown that heavily loaded slabs do not provide as much 
confinement as lightly loaded slabs when ratios of column 
concrete strength to slab concrete strength exceed 
approximately 2.5. Consequently, a limit is placed on the 
concrete strength ratio assumed in design in 15.3.1(c). 

<Mjli!l (SUu ^4^1 0^1 Ju - 15.3 

dji Aj.4ajVI CjUllald JjU^ 

SjLuiji ajs JjIajj V .(Bianchini et al. 1960) 

V ^ 40 aj2 aXicVI 

"I (j£>u ^ aj2 Jalij 

oi-j .^Ladl ji oSjU'S-i-ftS; (b) 15.3.1 ji (i) 15.3.1 J 
^ »±»eiU (c) ji (b) ji (a) 15.3.1 SJjljh Jjlall 

15.3.1 cliUliala .AjujVI ^ 

.u^jVl mm 600 
(si) 15.3.1 

JA Jljj V djiJ) ^Lyu(ji ^ djil) 

(3^*^ AjLyu^^^l LiilS 

AjAiyuJl Aj.£ajUJl ^A^aj ^ a \ ^jlajVl ^ 

Aiiiala ^ 

i 26 LaS 

Jiij ^Lyuj^ ^ 

cjUaiLll tji Alexander 1998) j (Ospina cjj^Jai 

^ iJA J^Vl ^ 

^Lyuj^l ^^\ d^A^Vl ^Lyuj& dj£ (-AyuJ La.IIC' ^ 

^jlLa Aaa.uj ^ ^ .2.5 

(c).15.3.1 
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15.4—Detailing of joints 

JidUil 15.4 - 

R15.4—Detailing of joints 

J.dUll R15.4 - 

15.4.1 Beam-column and slab-column joints that are 
restrained in accordance with 15.2.4 or 15.2.5, respectively, 
and are not part of a seismic-force-resisting system need not 
satisfy the provisions for transverse reinforcement of 15.4.2. 

R15.4.1 Connection details should be arranged to minimize 
the potential for cracking due to restrained creep, shrinkage, 
and temperature movements. The Precast/ Prestressed 
Concrete Institute (MNL 123) provides information on 
recommended connection details for precast concrete 

j't 15.2.4 V 1 

( djill CiumA i 15.2.5 

.2 .15.4 ^ulwull 

structures. 

4^1aj^I J^^Laj ^ (ji *.-i^R15.4.1 

15.4.2 The area of all legs of transverse reinforcement in 
each principal direction of beam-column and slab-column 
joints shall be at least the greater of (a) and (b): 

.^^AA (JjL£jAJ ( ^LaLjVI i d.liAAJl 

J;^LAj ^ CjLa^^Ixa (IMNL 123) AJ^aaa / (3^aaa 

JS (jAa jaJ) 4.^LuiA 4 jjSj 15.4.2 .15.4 

J (i) O'* dl^l 


(a) o.oei^Z'^ 

J yt 


(b) 0.35^ 

J yt 


where b is the dimension of the column section perpendicular 
to the direction under consideration. 


^ dl^Vl ^ .IaIjlIaI) ^laiA .laj jA f) 


15.4.3 If longitudinal beam or column reinforcement is 
spliced or terminated in a joint, closed transverse 
reinforcement in accordance with 10.7.6 shall be provided in 
the joint, unless the joint region is restrained in accordance 
with 15.2.4 or 15.2.5. 

R15.4.3 Unless the joint is restrained on four sides by beams 
or the slab, reinforcement is required such that the flexural 
strength can be developed and maintained under repeated 
loadings (Hanson and Conner 1967; ACI 352R). 

ji dj.a£ ^ ^ k. R15.4.3 

iiiljlwM ^ djA^Il ^ 1j1 15.4.3 

^ ^ La i Ja^IaI) ^ 10.7.6 ^J^xaI) ^ulwul) ^ 

.15.2.5 ji 15.2.4 Ja^AaII A^iala 

.(ACI 352R ‘Hanson and Conner 1967) SjjSla 

15.4.4 Development of longitudinal reinforcement 
terminating in the joint shall be in accordance with 25.4. 


J Ja^AaII ^ ^jiall (jjSj (ji 15.4.4 

.25.4 
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CHAPTER 16-CONNECTIONS BETWEEN MEMBERS 

R16-C0NNECTI0NS BETWEEN MEMBERS 

- 16 ^<0^1 

^UaJI tJM R16 - 

16.1—Scope 

JUll 16.1 


16.1.1 This chapter shall apply to the design of joints and 
connections at the intersection of concrete members and for 
load transfer between concrete surfaces, including (a) 
through (d): 

(a) Connections of precast members 

(b) Connections between foundations and either cast-in place 
or precast members 

(c) Horizontal shear strength of composite concrete flexural 
members 

(d) Brackets and corbels 


4.ijAA4 JA^UaJl 

U14^I AliAAtt ji ^ CjLyuL4.uVl 

4^jaI 1 4.^Lyuj^l pU^Vl AjisVl 

^ijaVl (J) 


16.2—Connections of precast members 

16.2.1 General 

R16.2—Connections of precast members 

R16.2.1 General —Connection details should be arranged to 
minimize the potential for cracking due to restrained creep, 
shrinkage, and temperature movements. The Precast/ 

taudll 16.2 - 

Prestressed Concrete Institute (MNL 123) provides 
information on recommended connection details for precast 

16.2.1 

concrete structures. 

i^a^irtig ^LydJ 4^^^|R16.2 - 
JIaI^I R.16.2.1 

J, ^LaLjVIj .^jiAll 

(IMNL 123) aIjaim / ^Lyu 

4^1a.U 

16.2.1.1 Transfer of forces by means of grouted joints, shear 
keys, bearing, anchors, mechanical connectors, steel 
reinforcement, reinforced topping, or a combination of these, 
shall be permitted. 

R16.2.1.1 If two or more connection methods are used to 
satisfy the requirements for force transfer, their individual 
load-deformation characteristics should be considered to 
confirm that the mechanisms work together as intended. 

ji ^ji t 16.2.1.1 

.L.1^ jl ( jl 4 j^LwiaII jl 4 J^a&aI| jl 4Q^iIl 

.dlft ^ ^.^AaaaII ji 4 ^ulyiull 

4 dj^j Jij ^UtialLa ji duil^lyul 16.1.1.1 

(j\ ^ 

,J^^a^jaI| IdLa JiOXJ CjI^VI 

16.2.1.2 Adequacy of connections shall be verified by 
analysis or test. 


ji (jjjJa iliiLajll jjn (jSajll i_i^ 16.2.1.2 


16.2.1.3 Connection details that rely solely on friction caused 
by gravity loads shall not be permitted. 


dliia.Vl (_ylc- iia iu»j jll Jj-alij V 16.2.1.3 

jll JUa.S;i oe 
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16.2.1.4 Connections, and regions of members adjacent to 
connections, shall be designed to resist forces and 
accommodate deformations due to all load effects in the 
precast structural system. 

R16.2.1.4 The structural behavior of precast members may 
differ substantially from that of similar members that are 
cast-in-place. Design of connections to minimize or transmit 
forces due to shrinkage, creep, temperature change, elastic 

( 4 (jl 16.2.1.4 

deformation, differential settlement, wind, and earthquake 
require particular consideration in precast construction. 

^ fLiaC'bU —^ R16.2.1.4 

A.W', ^ ^ fLiafrVl 

(JjL&jJ ^LoLjVI 

IjUjfrl JjVjllj AjLialiill 

16.2.1.5 Design of connections shall consider structural 
effects of restraint of volume change in accordance with 
5.3.6. 

R16.2.1.5 Connections should be designed to either permit 
the displacements or resist the forces induced by lack of fit, 
volume changes caused by shrinkage, creep, thermal, and 
other environmental effects. Connections intended to resist 

Ci\ ^ jUj&VI ^V1 ^ 16.2.1.5 

.5.3.6 4^LwijV1 

the forces should do so without loss of strength. 

jl a.^1jIj > j R.16 .2.1.5 

(ji at 4 4 

.3,^1 (jjj 

Restraint assumptions should be consistent in all 
interconnected members. There are also cases in which the 
intended force may be in one direction, but it may affect the 
strength of the connection in another. For example, 
shrinkage-induced longitudinal tension in a precast beam 
may affect the vertical shear strength on the corbel 
supporting it. 

iilUA jA^UxIl 4^MLLa (jJ^ ■ 

4 dl^l ^ djill 

^Ull .IwJ} 4 .j^l dl^l ^ djd 

djiA^ ^ QjjLoLjVl 

corbel 

16.2.1.6 Design of connections shall consider the effects of 
tolerances specified for fabrication and erection of precast 
members. 

R16.2.1.6 Refer to R26.9.1(a). 

R26.9.1(a) J! R16.2.1.6 

Ci\ j^Ij ^ jL^Vl (_si ^ (ji 4*^ 16.2.1.6 

4^f4.u.a jA^UxIl 


16.2.1.7 Design of a connection with multiple components 
shall consider the differences in stiffness, strength, and 
ductility of the components. 


j^Uidl ^ jUj&VI ^V1 ^ 16.2.1.7 

dpLyu^l f_gk j 


16.2.1.8 Integrity ties shall be provided in the vertical, 
longitudinal, and transverse directions and around the 
perimeter of a structure in accordance with 16.2.4 or 16.2.5. 

R16.2.1.8 PCI Building Code Committee (1986) provides 
recommendations for minimum integrity ties for precast 
concrete bearing wall buildings 

3I.LS1. CjULS 16.2.1.8 

.16.2.5 ji 16.2.4 4 

JaJl (PCI) (1986) (‘lyi JjSll 4jaJ Jtj 

C;A4^) jl4^l 4 AaI£1« CjIjL£ 
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16.2.2 Required strength 


16.2.2.1 Required strength of connections and adjacent 
regions shall be calculated in accordance with the factored 
load combinations in Chapter 5. 


Cjlkdl Sjill 16.2.2 

dj^l 16.2.2.1 

,5 ^ 


16.2.2.2 Required strength of connections and adjacent 
regions shall be calculated in accordance with the analysis 
procedures in Chapter 6. 


CiSj djU) 16.2.2.2 

.6 SjjI jll ja.V 


16.2.3 Design strength 


16.2.3.1 For each applicable load combination, design 
strengths of precast member connections shall satisfy 


(3^ AjmuIL 16.2.3.1 


(^S„>u ( 16 . 2 . 3 . 1 ) 


16.2.3.2 (|) shall be determined in accordance with 21.2. 


.21.2 -1 juj (|) 16.2.3.2 


16.2.3.3 At the contact surface between supported and 
supporting members, or between a supported or supporting 
member and an intermediate bearing element, nominal 
bearing strength for concrete surfaces. Bn, shall be calculated 
in accordance with 22.8. Bn shall be the lesser of the nominal 
concrete bearing strengths for the supported or supporting 
member surface, and shall not exceed the strength of 
intermediate bearing elements, if present. 


ji 16.2.3.3 

*g- j ji 

jSi Bn Cij^ .22.8 ‘Bn AjauuVI 

jj A.jAwdVl 

.CjA&j ^jlLa jjL&jj Vi 


16.2.3.4 If shear is the primary result of imposed loading and 
shear transfer occurs across a given plane, it shall be 
permitted to calculate Vn in accordance with the shear- 
friction provisions in 22.9. 


4..U.UA1 jll jA 16.2.3.4 

.22.9 
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16.2.4 Minimum connection strength and integrity tie 
requirements 

cjUlial.a Jfii 16.2.4 


16.2.4.1 Except where the provisions of 16.2.5 govern, 
longitudinal and transverse integrity ties shall connect 
precast members to a lateral-force-resisting system, and 
vertical integrity ties shall be provided in accordance with 
16.2.4.3 to connect adjacent floor and roof levels. 

diUlllI (j\ ‘16.2.5 16.2.4.1 

AAijma (jM ‘O.alijAl) ‘U.bajxllj 

Aa.4ajVl 16.2.4.3 4 CjtjlS 

l41ujV1 


16.2.4.2 Where precast members form floor or roof 
diaphragms, the connections between the diaphragm and 
those members being laterally supported by the diaphragm 
shall have a nominal tensile strength of not less than 4.4 kN 
per linear m. 

‘UbajbU u.all ‘I^ 16.2.4.2 

4.4 ^ ‘LiAwiI ^4^ 

.yjjla m kN 

16.2.4.3 Vertical integrity ties shall be provided at horizontal 
joints between all vertical precast structural members, except 
cladding, and shall satisfy (a) or (b): 

^Ay ^ a \ a1 <•< a (IjUIS 16.2.4.3 

Q\ \'yjj ‘AjiaLll) fUjlujlj a. lA A^l^l A^L^Vl ja^UaI) 

j' (') 

(a) Connections between precast columns shall have vertical 
integrity ties, with a nominal tensile strength of at least 1.4Ag 
N, where Ag is the gross area of the column. For columns 
with a larger cross section than required by consideration of 
loading, a reduced effective area based on the cross section 
required shall be permitted. The reduced effective area shall 
be at least one-half the gross area of the column. 

‘A^lj A t a 1 <1A cjUlS ua^I AAaaam dA.a&Vl 

^LaaaaII ^ Ag CU^ ‘ 1 . 5 A«N CP 

jjC, CjIJ d.La&bU AjiSlI 

fLL ^ 


COMMENTARY 


R16.2.4 Minimum connection strength and integrity tie 
requirements 

AIaISjaII cjUlSlIj AIa^^I CjUUaLa R16.2.4 


R16.2.4.1 It is not intended that these minimum 
requirements supersede other applicable provisions of the 
Code for design of precast concrete structures. 

The overall integrity of a structure can be substantially 
enhanced by minor changes in the amount, location, and 
detailing of member reinforcement and in the detailing of 
connection hardware. The integrity ties should constitute a 
complete load path, and load transfers along that load path 
should be as direct as possible. Eccentricity of the load path, 
especially within any connection, should be minimized. 

Jaas CjUlialAll dAA (ji ‘j.A^flAtl ^ 16.2.4.1 Aja^jjII 

,i.-lA^I AAAAaU A^IaAJ^ *J a.>a'<\ AjjLaaII 

^ CjIjjJuII U d.alSjll J:iJ^ 0^^ 

lytyj d^Uj jA.dljxU "*'1 d^Ujj ^jAj AaaS 

Jlj CjULafr CU^ u'^ ‘dais d^^^ jU.AA.a AIaI^aI) CjUlSlI d^^ 

Cjj^ SjaaI^ jIaau dj^ 

A^I jA ‘Altidj j\ ^ AA.dlA ‘du&^l jLau 

R16.2.4.2 The connection between the diaphragm and the 
member laterally supported by the diaphragm may be direct 
or indirect. For example, a column may be connected 
directly to the diaphragm, or it may be connected to a 
spandrel beam, which is connected to the diaphragm. 

Lisi ^jCA.all ^Ia^vi Aaa^VI Cm A2 R16.2.4.2 

djJ ‘ “ ,jaaIaa1| jI jA^l^l jA AaiiL^iVI Aaa^VI 

btAdla UJ% ^ Sja^Ia.! bb^la SAaCVI A^i ‘dl^l 

fU^b AL^aa ‘Aj^IA 

R16.2.4.3 Base connections and connections at horizontal 
joints in precast columns and wall panels, including shear 
walls, are designed to transfer all design forces and 
moments. 

The minimum integrity tie requirements of this provision are 
not additive to these design requirements. Common practice 
is to place the wall integrity ties symmetrically about the 
vertical centerline of the wall panel and within the outer 
quarters of the panel width, wherever possible 

sAacSII A^Sh SacL^I d^l4.dl d^J p 

di>^ (jljA^ i^A ^ Lu ‘JajL^I biUa^bj AAaaauII 

Aa4| Ia^ d^lSllI IajIjj cjblikLal ^aVI A^I AjA.AA'^tt 

iajljj ^aaaj ^ Axjb^l AaaijIaaII ,aAA cjbliaA.a lflb^.a 

d^lAj jlA^I ^A^^.4 x 1| Ja^l d,^ jiaUILa d^^ d^t^ 

iAUa (jiAl ‘^5bll jxl A^jl^l ^ 
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(b) Connections between precast wall panels shall have at 
least two vertical integrity ties, with a nominal tensile 
strength of at least 400 N per tie. 


^ JSl V La uadll ^ CjUa^slj (h‘) 

400 V AuAujI ^ ^ CjUlSll (JA 


.^is JSIN 


16.2.5 Integrity tie requirements for precast concrete bearing 
wall structures three stories or more in height 


R16.2.5 Integrity tie requirements for precast concrete 
bearing wall structures three stories or more in height — 
Section 16.2.4 gives requirements for integrity ties that apply 


44al£lAll CaUlSlI CjUllala 16.2.5 

^Uj j'i\ ^ j^i ji 


to all precast concrete structures. The specific requirements 
in this section apply only to precast concrete bearing wall 
structures with three or more stories, often called large panel 
structures. If the requirements of this section conflict with 
the requirements of 16.2.4, the requirements in this section 
control. 

ij^ AlalSlAl) cjUUalLa R16.2.5 

f 44al£l4 CjUlS CjUllala 

4i.aL^I u^ljj Ja^ IJA ^ ^ ■''I CjLllalall 



These minimum provisions for structural integrity ties in 
large panel bearing wall structures are intended to provide 
catenary hanger support in case of loss of a bearing wall 
support (Portland Cement Association 1980). Tie 
requirements calculated for specific load effects may exceed 
these minimum provisions. The minimum integrity tie 
requirements are illustrated in Fig. R16.2.5, and are based on 
PCI’s recommendations for design of precast concrete 
bearing wall buildings (PCI Committee on Precast Concrete 
Bearing Wall Buildings 1976). Integrity tie strength is based 
on yield strength. The PCI Building Code Committee (1986) 
provides a recommendation for minimum integrity ties for 
precast concrete bearing wall buildings. 

djj^l ^ AaLal£jll Jajljjh L).a 

^ jA ( 

JjlaAi .(1980 CluAubU JaI^I jIA^I (jlA^ 

^ AjA^I dAA^ ^^^A^ ...y JjtAllI i^lallajA 

Ajluuj i R16.2.5 ^J JaLuII ilaUllald ^aVI A^I 

PCI ) AAauia <LuLaj^ p(]^J dlLjAdJJ 


Committee on Building Concrete Concrete Bearearing 
j»AAj sjill ijk- jAl*:iIl 5ja aaj«j .(Wall Buildings 1976 

JaLSjII ^aVI Aa.ll (PCI (1986 AjS 



./•j 
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16.2.5.1 Integrity ties in floor and roof systems shall satisfy 
(a) through (f); 

R16.2.5.1(a) Longitudinal integrity ties may project from 

AIaIIIaII CiULiJj ^jluu Q\ 16.2.5.1 

slabs and be lap spliced, welded, mechanically connected, or 
embedded in grout joints with sufficient length and cover to 
develop the required force. Bond length for nonprestressed. 

(a) Longitudinal and transverse integrity ties shall be 
provided in floor and roof systems to provide a nominal 
tensile strength of at least 22 N per foot of width or length. 

bonded prestressing reinforcement, if used, should be 
sufficient to develop the yield strength (Salmons and 
McCrate 1977). 

uaLuiIIj ^ 4i.4L£l4 <JjUl£ {}) 

ji jadl ^ m JSl N 22 AjawiI ^ 

(j\j QA AijiLiyvll CiUlUl jlluu 4jLaj R.l.16-14 

.llwJl U>i% u'^ djill fUafrj 

AaAlll ^ b| j 

(b) Longitudinal and transverse integrity ties shall be 
provided over interior wall supports and between the floor or 
roof system and exterior walls. 

.(Salmons and McCrate 1977) Cijli. 

R16.2.5.1(c) It is not uncommon to have integrity ties 
positioned in the walls reasonably close to the plane of the 

AIaLIIa CiUlS (v) 

floor or roof system. 

^ut£ iilUA (ji ^ u-^ (^) 16^ >2 

(c) Longitudinal and transverse integrity ties shall be 
positioned in or within 2 ft of the plane of the floor or roof 
system. 

jl (jlajVl (jjluiA Jj^s-4 J^A^ 

.LmAAaaII 

R16.2.5.1(e) Transverse integrity ties may be uniformly 

^ ji ^ AldLild CiUlS (^) 

.LMALwii) jl jl 

spaced and either encased in the panels or in a topping, or 
they may be concentrated at the transverse bearing walls. 

(d) Longitudinal integrity ties shall be oriented parallel to 
floor or roof slab spans and shall be spaced not greater than 3 
m on center. Provisions shall be made to transfer forces 
around openings. 

a^Laua AAA^ajxli tijUlili (R16.2.5.1 (e * 

^ SjS jA ji t ^.aaII ^ ji ^ AilLa IaI 

^^^jxIwiaII JaL^I 

R16.2.5.1(f) The perimeter integrity tie requirements need 

^ AXalilAll ('^) 

not be additive with the longitudinal and transverse integrity 
tie requirements. 

aUj-v a)! iajljlll CjLjI.£ ^) V (j) j R.1.16~14 

(e) Transverse integrity ties shall be oriented perpendicular 
to floor or roof slab spans and shall be spaced not greater 
than the bearing wall spacing. 

AIaI^IaI) cliUllailA ^ 

^ AaljLLa AIaLSIaI) (jl 

^ ^ ji 4Ja^ 


(f) Integrity ties at the perimeter of each floor and roof, 
within 1.2 m of the edge, shall provide a nominal tensile 
strength of at least 71 N. 

1.2 (3^ ^ (jjUiLl) ui (j) 

.N 71 V Am (jA ]ti 

16.2.5.2 Vertical integrity ties shall satisfy (a) through (c); 

(a) Integrity ties shall be provided in all wall panels and shall 
be continuous over the height of the building. 

(b) Integrity ties shall provide a nominal tensile strength of at 
least 44 KN per horizontal foot of wall. 

(c) At least two integrity ties shall be provided in each wall 
panel. 

■te) (') ^ jh iiiUlill i_^ 16.2.5.2 

AlalSILa CjUlS 

1,1.1) j) 

44 Cfi" Amom) Am 44.l£Mftl) CjUl^l) (ji ^(M^ 

.j)A^ m 

,jIA^ 4ja^ JS ^ JsSh A'aI<* A (^) 
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COMMENTARY 


16.2.6 Minimum dimensions at bearing connections 

JjAiil'l jLaji Jsi 16.2.6 

16.2.6.1 Dimensions of bearing connections shall satisfy 

16.2.6.2 or 16.2.6.3 unless shown by analysis or test that 
lesser dimensions will not impair performance. 

fd U 16.2.6.3 ji 16.2.6.2 o' 16.2.6.1 

0^ J 2 SII (j\ jUjiVl ji Jjiaall Cji 

16.2.6.2 For precast slabs, beams, or stemmed members, 
minimum design dimensions from the face of support to end 
of precast member in the direction of the span, considering 
specified tolerances, shall be in accordance with Table 
16.2.6.2. 

iAAjlllI ji ji CjUa^t^ 16.2.6.2 

jbui Jii (ji 

tiSj ..'I (Iiljjljlll jLiicVI (j^ ^ tl.^1 

.16.2.6.2 


Table 16.2.6.2—Minimum design dimensions from face of 
support to end of precast member 


(y> jUjI Jsi - 2-6*2-16 

Table 16.2.6.2—Minimum design dimensions from 


face of support to end of precast member 


Member type 

Minimum distance, mm 

Solid or hollow-core slab 

Greater of: 

A/180 

50 

Beam or stemmed 
member 

Greater of: 

A/180 

75 


. 16.2.6.3 Bearing pads adjacent to unarmored faces shall be 
set back from the face of the support and the end of the 
supported member a distance not less than 13 mm. or the 
chamfer dimension at a chamfered face. 


iULuj (j^ 16.2.6.3 

Jki V 4JU.U (jlj Qa ^SUaLa J:^l) 

.Lijkia ylft Likull J«J ji mm 13 Cf- 


R16.2.6 Minimum dimensions at bearing connections — 

This section differentiates between bearing length and length 
of the end of a precast member over the support (refer to Fig. 
R16.2.6). 

jbui Jai R16.2.6 

laA 

.(R16.2.6 

Bearing pads distribute concentrated loads and reactions over 
the bearing area, and allow limited horizontal and rotational 
movements for stress relief. To prevent spalling under 
heavily loaded bearing areas, bearing pads should not extend 
to the edge of the support unless the edge is armored. Edges 
can be armored with anchored steel plates or angles. Section 
16.5 gives requirements for bearing on brackets or corbels 

,A \a1.v a\I 

CjL^la Vi (jiaLla 

jl (j£j ^ La dj^^l 

ji (jjjljfiVl fJiaxA 16.5 

corbels 


Support 


Precast member 


-Unarmored 
edge —7 


r 


Bearing length 

1/2 in. minimum and 
not less than the 
size of the chamfer 


,4/180^2 in. (slabs) 
’^„/180 s 3 in. (beams) 


Fig. R16.2.6 Bearing length on support. 
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16.3—Connections to foundations 

16.3.1 General 

tiiiLiLtfiU - 16.3 

16.3.1 

16.3.1.1 Factored forces and moments at base of columns, 
walls, or pedestals shall be transferred to supporting 
foundations by bearing on concrete and by reinforcement, 
dowels, anchor bolts, or mechanical connectors. 

ji ji 5±»eSll sJftla ijft 9j)Lt.ajdl Jij ^ 16.3.1.1 

tliLuLuSb u^\ 
jl jI jjL^VI jl 

16.3.1.2 Reinforcement, dowels, or mechanical connectors 
between a supported member and foundation shall be 
designed to transfer (a) and (b); 

(a) Compressive forces that exceed the lesser of the concrete 
bearing strengths of either the supported member or the 
foundation, calculated in accordance with 22.8 

(b) Any calculated tensile force across the interface 

ji jjL^Vl ji 16.3.1.2 

j jm A CxS^ ^LujVIj 

'I Jsi JaLiall 

22.8 

16.3.1.3 At the base of a composite column with a structural 
steel core, (a) or (b) shall be satisfied: 

(a) Base of structural steel section shall be designed to 
transfer the total factored forces from the entire composite 
member to the foundation. 

i^LuuVI ja ajahI ^ 16.3.1.3 

:(v) j' (') 

(JA 

(b) Base of structural steel section shall be designed to 
transfer the factored forces from the steel core only, and the 
remainder of the total factored forces shall be transferred to 
the foundation by compression in the concrete and by 
reinforcement. 

JaxA^all o^ 

16.3.2 Required strength 

16.3.2.1 Factored forces and moments transferred to 
foundations shall be calculated in accordance with the 
factored load combinations in Chapter 5 and analysis 

procedures in Chapter 6 

Sjill 16.3.2 

[ikj lOLuLuVI i_^\ ^ 16.3.2.1 

,6 JaKaII Oil^lJ ^!j 5 J>.^l jll 


COMMENTARY 


R16.3—Connections to foundations 

QUUliU - R16.3 

The requirements of 16.3.1 through 16.3.3 apply to both 
cast-in-place and precast construction. Additional 
requirements for cast-in-place construction are given in 
16.3.4 and 16.3.5, while additional requirements for precast 
construction are given in 16.3.6. 

^ UAdll ^ JS ijk- 16.3.3 16.3.1 (> ej lilhri A. ' ! (jJalj 

^ La (jlLa ^ A^Laal cjUllalA J^Ja ^ A^jaaa CjU^laj 

A ftj...*. CjLaIaI A^LJal cjUllalA pUafrl ^ ^ i 16.3.5 J 16.3.4 

.16.3.6 
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16.3.3 Design strength 

16.3.3.1 Design strengths of connections between columns, 
walls, or pedestals and foundations shall satisfy Eq. 
(16.3.3.1) for each applicable load combination. For 
connections between precast members and foundations, 
requirements for vertical integrity ties in 16.2.4.3 or 16.2.5.2 
shall be satisfied. 

16.3.3 

ji 16.3.3.1 

JSl (16.3.3.1) CjL.jL.uVlj Ajjlxll dj&l^l ji 

^ j LK'jaU cjUl^il cjLHaloj fUjlujVl jCjL.jL.jVlj 

.16.2.5.2 ji 16.2.4.3 

ctxS'„>(7 (16.3.3.1) 

where Sn is the nominal flexural, shear, axial, torsional, or 
bearing strength of the connection. 

ji j^ljjlVI tjill ^U^VI ^jLLa jA Sn 

16.3.3.2 (|) shall be determined in accordance with 21.2. 

.21.2 -1 l^J lAAjj:Li (() 16.3.3.2 

16.3.3.3 Combined moment and axial strength of 
connections shall be calculated in accordance with 22.4. 

.22.4 4 jjj^L^jll Cjj^^l djUlj j^IjImaII ^j&ll 16.3.3.3 

16.3.3.4 At the contact surface between a supported member 
and foundation, or between a supported member or 
foundation and an intermediate bearing element, nominal 
bearing strength Bn shall be calculated in accordance with 
22.8 for concrete surfaces. Bn shall be the lesser of the 
nominal concrete bearing strengths for the supported member 
or foundation surface, and shall not exceed the strength of 
intermediate bearing elements, if present. 

^^j^jxlj jl j^jjjLujVIj ^lIsauj 16.3.3.4 

JjA.y'jtl uLajl^ jIouJjIaII ^LujVI jl 

Cy^ Bn ^cJaubU 22.8 4 Usj Bn A^uuVI 

j^jyjj j^LujVI jI jLajujVI A^Lujj^I uLajl^ 

,Cjj^J juUaMJjlAll ^jl^ JjL^jj Vi 

16.3.3.5 At the contact surface between supported member 
and foundation, 14 shall be calculated in accordance with the 
shear-friction provisions in 22.9 or by other appropriate 
means. 

\^ll j‘j^jdjLjjVlj ^ ^dsijuj 16.3.3.5 

.(jjii 4.^U.a JjLujjj ji 22.9 ji!L£l^l j»LS^V £isj 


COMMENTARY 


R16.3.3 Design strength 

CljLLdl R16.3.3 


R16.3.3.4 In the common case of a column bearing on a 
footing, where the area of the footing is larger than the area 
of the column, the bearing strength should be checked at the 
base of the column and the top of the footing. In the absence 
of dowels or column reinforcement that continue into the 
foundation, the strength of the lower part of the column 
should be checked using the strength of the concrete alone. 

^Laa qj£j JjaC (JaI^ Calxll ClL^l ^ 4 - 3 ~ 3 ~ 16 ~ ^ 

JaAaI) JLajI^ (JA 4jjAxll 4 .^LaA (JA dj&lUl 

^ JaLaJ jjAxll ^;4 aAJ jI J^LaaII J.aI^ ^ , dj&li JjAxll 

4aLaJ^I 9j 2 .1 <-v*. .|I_J JjAxll IJA "'I 9J2 J_ 1 ^ J^LaVI 

.Uikj 


R16.3.3.5 Shear-friction may be used to check for transfer of 
lateral forces to the supporting pedestal or footing. As an 
alternative to using shear-friction across a shear plane, shear 
keys may be used, provided that the reinforcement crossing 
the joint satisfies 16.3.4.1 for cast-in-place construction or 
16.3.6.1 for precast construction. In precast construction, 
resistance to lateral forces may be provided by mechanical or 
welded connections. 

Jjill Ji: Oa (jisLil jadl jj2l£i»,l (.IjiLAl ^Saj o.r -f j r j f 

jjjaaa j41£j^I ^IjiljAV J^A^ ,JLA&|jll dj&lill ji dj&lill 

^IslAj j4l ^lAjaIII (jj% (ji ^lajjijA ^ulia *t j.y'j. ..t (jLaj 

(‘441 16.3.6.1 ji jSjaII ^ ijjiJAaAll (lUi 16.3.4.1 J-Aai4l 

(jfr Aa^I^I Jji4 AAjliAll J^JA (j^AJ J^JJaAaII ^ ,J.-lJ^) AijAAA 

A AJ.V t A ji Aj<j jKja J^^Ua (J;ljl3 
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16.3.3.6 At the base of a precast column, pedestal, or wall, 
anchor bolts and anchors for mechanical connections shall be 
designed in accordance with Chapter 17. Forces developed 
during erection shall be considered. 

R16.3.3.6 Chapter 17 covers anchor design, including 
seismic design requirements. In precast concrete 
construction, considerations may control base connection 
design and need to be considered. 

d.^li ^ 16.3.3.6 

‘-/yj .17 j^LoLa 

jll) fU jI (Jjjjkj ^^1 ^ 

^ tAJ Jjl-^ 16.^*^~3 

^ ^ 

16.3.3.7 At the base of a precast column, pedestal, or wall, 
mechanical connectors shall be designed to reach their 
design strength before anchorage failure or failure of 
surrounding concrete. 


ij\^ ji dJ&li ji dilPll llfr 16.3.3.7 

j| jL^l A^ajlLa ^1 

,1^ Aia^^All 


16.3.4 Minimum reinforcement for connections between cast- 
in-place members and foundations 

R16.3.4 Minimum reinforcement for connections between 
cast-in-place members and foundation —The Code requires a 
minimum amount of reinforcement between all supported 

CjU.uU.uV1j 2;^jaI 1 Ajji.i.^.Al} jA^Uxll Cj^L^jU Jdl 16.3.4 

and supporting members to ensure ductile behavior. This 
reinforcement is required to provide a degree of structural 
integrity during the construction stage and during the life of 
the structure. 

^ ^ ijA .^1 R. 16-16 

j^LUj ^\Ay (jM ^ - CjLujLwjVIj 

ja^UxII j 

. U J.4P f Ujij ^ 

16.3.4.1 For connections between a cast-in-place column or 
pedestal and foundation. As crossing the interface shall be at 
least O.OOSAg, where Ag is the gross area of the supported 
member. 

R16.3.4.1 The minimum area of reinforcement at the base of 
a column may be provided by extending the longitudinal bars 
and anchoring them into the footing or by providing properly 
anchored dowels. 

di&HIl jl ^jaII ^ ujj.1.^ •^j^ cj^U^jU AjmuIU 16.3.4.1 

‘ AgO.005 J^Vl JilJji! As aj% u* iQMLJi\j ^jkll 

AjIHI Ai^UittAll Ag 

4JA JjaP dJC'll ^ ^uiyull) Aiiala ^ >^1 j^jl^ l-4-4-3u^ 

j^jj (jj jia ji ^ Jj.1aj 

jLwij Aj^ j^LoiA 

16.3.4.2 For connections between a cast-in-place wall and 
foundation, area of vertical reinforcement crossing the 
interface shall satisfy 11.6.1. 


i^jjUjVlj ^jaII f_gk jl*^ cj^U^jU AjmuIU 16.3.4.2 

.11.6.1 i^j A^i^i ^l^ajiii ^UuiA ^jiuu 


16.3.5 Details for connections between cast-in-place 
members and foundations 

R16.3.5 Details for connections between cast-in-place 
members and foundation 

cjUjUjVIj ^jaII ^ cj^U^jU 16.3.5 

cliLw^Lw^Vlj ^jaII ^ Ajjju^a j.i^UxIl Jj^Uj R.16.16 
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16.3.5.1 At the base of a cast-in-place column, pedestal, or 
wall, reinforcement required to satisfy 16.3.3 and 16.3.4 shall 
be provided either by extending longitudinal bars into 
supporting foundation or by dowels. 


^ ^ 16.3.5.1 

jjiai tje U1 16.3.4 j 16.3.3 ujlkall juluiill j^jj 

.jjLiVl ji o-L-'Vl ^J\ ^jlall 


16.3.5.2 Where moments are transferred to the foundation, 
reinforcement, dowels, or mechanical connectors shall 
satisfy 10.7.5 for splices. 

R16.3.5.2 If calculated moments are transferred from the 
column to the footing, the concrete in the compression zone 

ifJjLbuLiuiVI (Jaj 16.3.5.2 

10.7.5 ji 

of the column may be stressed to 0.85(|)/c' under factored 
load conditions and, as a result, all the reinforcement will 
generally have to be anchored into the footing. 

16.3.5.3 If a pinned or rocker connection is used at the base 
of a cast-in-place column or pedestal, the connection to 
foundation shall satisfy 16.3.3. 

t jjajlII ^ Jaj ^ R16-3-5.2 

' (j)fc0.85 ij^\ JalxuAjVl ^ 

L4JA& ^ulwull ^ ^ w"' * J ^ ^JA^l uijjia 

.SjcLaII 

t-ijj.ua.a JjaC* di&li jI ^ 16.3.5.3 

J lidj (A.jjIC' dJfrli jl ^ 

.16.3J 


16.3.5.4 At footings, it shall be permitted to lap splice No. 43 
and No. 57 longitudinal bars, in compression only, with 
dowels to satisfy 16.3.3.1. Dowels shall satisfy (a) through 
(c): 

RI 6 . 3 . 5.4 Compression lap splices of large bars and dowels 
are permitted in accordance with 25.5.5.3. Satisfying 
16.3.3.1 might require that each No. 43 or 57 bar be spliced 

^LAuij .cjLujLujVl 16.3.5.4 

(ji .16.3.3.1 jjLiVI ^ <■ iaia iaLiall .57 43 

:fe) (i) Jil-iVI jaau 

to more than one dowel bar. 

A^UluajVI R16.3.5.4 

^ 16.3.3.1 .25.5.5.3 ^ 

jjj (jA j^i 57 ji 43 

(a) Dowels shall not be larger than No. 36 

(b) Dowels shall extend into supported member at least the 
greater of the development length of the longitudinal bars in 
compression, (dc, and the compression lap splice length of 
the dowels, tsc 

(c) Dowels shall extend into the footing at least tdc of the 

Dowels 


36 (> uj^ (Ij 

Jjia 

i jjLubU Jjiaj ( idc 

.-Esc 

0- idc jSSfl Jc- CiLaLaVI jjUiVl ( 2 ;) 


16.3.6 Details for connections between precast members and 
foundation 


CjLuiLuiVIj 16.3.6 
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16.3.6.1 At the base of a precast column, pedestal, or wall, 
the connection to the foundation shall satisfy 16.2.4.3 or 
16.2.5.2. 


(jl jl d.^ld d.^ld ^ 16.3.6.1 

.16.2.5.2 ji 16.2.4.3 


16.3.6.2 If the applicable load combinations of 16.3.3 result 
in no tension at the base of precast walls, vertical integrity 
ties required by 16.2.4.3(b) shall be permitted to be 
developed into an adequately reinforced concrete slab-on- 
ground. 


V 16.3.3 u- iJl 16.3.6.2 

AXalilAll di&ll ^ 

^ ^1)^ 16.2.4.3 

,cil£ ^..oC'.la 


16.4—Horizontal shear transfer in composite 
concrete flexural members 

R16.4—Horizontal shear transfer in composite 
concrete flexural members 

^^1 mU^I jUaiill ^Sil gd^l Ju - 16.4 

^^1 <uLi^l (jMliSI gdiJI Jm - R16.4 

16.4.1 General 

16.4.1 

R16.4.1 General 

R16.4.1 

16.4.1.1 In a composite concrete flexural member, full 
transfer of horizontal shear forces shall be provided at 
contact surfaces of interconnected elements. 

R16.4.1.1 Full transfer of horizontal shear forces between 
segments of composite members can be provided by 
horizontal shear strength at contact surfaces through 
interface shear, properly anchored ties, or both. 

Jilll 4 C^jaII ^L4.u j.waffr ^ 1-1-4-16 

.Aiajljlftll . 1 I& 

j.AdUjdl ^ ^Ij^l i^VI 1-1-4-16 

^ AaA.iLA^IjJl AjifiVI ^j^ill AJoa^uIjj A^j^I 

16.4.1.2 Where tension exists across any contact surface 
between interconnected concrete elements, horizontal shear 
transfer by contact shall be permitted only where transverse 
reinforcement is provided in accordance with 16.4.6 and 
16.4.7. 

jI 4 ^u^A^ (3^^ ^3aj|jll CjIjL£ jI 4 — 

jA^UaJ) .iwi ^ 16.4.1.2 

^ VI fjj ^ ^ 4^VI 

.16.4.7 j 16.4.6 -i jjAjj 


16.4.1.3 Surface preparation assumed for design shall be 
specified in the construction documents. 

R16.4.1.3 Section 26.5.6 requires the licensed design 
professional to specify the surface preparation in the 
construction documents. 



16.4.2 Required strength 

j.dl (ji 6-5-26 3-1/4/16 

.JjArfiull ^JaAAill jI.^1 

SjAll 16.4.2 
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16.4.2.1 Factored forces transferred along the contact surface 
in composite concrete flexural members shall be calculated 
in accordance with the factored load combinations in Chapter 

5. 


^ 16.4.2.1 

^ tiSj ^Lbuj^l fU^Vl 

.5 


16.4.2.2 Required strength shall be calculated in accordance 
with the analysis procedures in Chapter 6. 


fjk jljll Jjlajll lisj Cj'hj't Sjill 16.4.2.2 

.6 


16.4.3 Design strength 


16.4.3.1 Design strength for horizontal shear transfer shall 
satisfy Eq. (16.4.3.1) at all locations along the contact 
surface in a composite concrete flexural member, unless 
16.4.5 is satisfied; 


fUaJVl Jjia ( 16 . 4 . 3 . 1 ) 

*16.4.5 ^ ^ 


(^Vnh>Vu (16.4.3.1) 


where nominal horizontal shear strength Vnh is calculated in 
accordance with 16.4.4. 


.16.4.4 Vnh ^ 


16.4.3.2 (() shall be determined in accordance with 21.2. 


.21.2 4 d) 16.4.3.2 


16.4.4 Nominal horizontal shear strength 

R16.4.4 Nominal horizontal shear strength 

AuawiVI 16.4.4 

^jHa 16.4.4 

16.4.4.1 If Vu > <^(3.5bvd}, Vnh shall be taken as Vn calculated 
in accordance with 22.9, where ftvis the width of the contact 
surface, and d is in accordance with 16.4.4.3. 


Vn ifii Vnh ^ Vu> ^{3.5bvd) 1^! 16.4.4.1 

d J ^ ^ hv ^ 22.9 

.16.4.4.3 


16.4.4.2 If Vu < <^(3.5bvd), Vnh shall be calculated in 
accordance with Table 16.4.4.2, where Av, mm is in accordance 
with 16.4.6, 6vis the width of the contact surface, and d is in 
accordance with 16.4.4.3. 

R16.4.4.2 The permitted horizontal shear strengths and the 
requirement of 6 mm. amplitude for intentional roughness 
are based on tests discussed in Kaar et al. (1960), Saemann 
and Washa (1964), and Hanson (1960). 

tSaj Vnh ‘V- < <^i3.5bvd) '^1 16.4.4.2 

jikui j* hv ‘ 16.4.6 ‘ Av,min 6j% ‘16.4.4.2 

.16.4.4.3 i-» d j ‘ 

CjUllaj.aj ^.j AjifiVl 2-4-4 J 4 

Kaar et al. tiuiajj mm 6 

.(I960) ‘ (Washa (1964 j Saemann ‘(I960) 
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Shear transfer 

reinforcement 

Contact surface preparation^’^ 



— ^v.ntin 

Concrete placed against hardened concrete intentionally 
roughened to a full amplitude of approximately 6 mm 

Lesser of: 


(a) 

3.5W 

w 

Concrete placed against hardened concrete not inten¬ 
tionally roughened 

0.55M 

(c) 

Other cases 

Concrete placed against hardened concrete intentionally 
roughened 

O.S5b,d 

(d) 


CODE 

JjSil 

16.4.4.3 In Table 16.4.4.2, d shall be the distance from 
extreme compression fiber for the entire composite section to 
the centroid of prestressed and nonprestressed longitudinal 
tension reinforcement, if any, but need not be taken less than 
O. 8 OI 1 for prestressed concrete members. 

IwJa'I ciUli (jj d (jjij (ji ‘16.4.4.2 16.4.4.3 

j^j.a AIaSL 

0.80/i c>> (»jh H tjSJj a! 

, ‘I »;■" '■'I j...dUiiU 

16.4.4.4 Transverse reinforcement in the previously cast 
concrete that extends into the cast-in-place concrete and is 
anchored on both sides of the interface shall be permitted to 
be included as ties for calculation of Vnh. 

(jl ^LAuij 16.4.4.4 

cliUl.^ cluLoilj ^ AjLuj^)kll jIaj 

.Vnh 

16.4.5 Alternative method for calculating design horizontal 
shear strength 

16.4.5 


16.4.5.1 As an alternative to 16.4.3.1, factored horizontal 
shear Vuh shall be calculated from the change in flexural 
compressive or tensile force in any segment of the composite 
concrete member, and Eq. (16.4.5.1) shall be satisfied at all 
locations along the contact surface 

iy> Vuh <^Sll ^ ‘16.4.3.1 4 16.4.5.1 

jjA j\ iji LLiall j\ iji ^ 

(16.4.5.1) 

(^Vnh>Vuh (16.4.5.1) 

Nominal horizontal shear strength Vnh shall be calculated in 
accordance with 16.4.4.1 or 16.4.4.2, where area of contact 
surface shall be substituted for bvd and Vuh shall be 
substituted for Vu. Provisions shall be made to transfer the 
change in compressive or tensile force as horizontal shear 
force across the interface. 

ji 16.4.4.1 4 Vnh ^ 

‘ bvd ^ “ d^ ‘ ‘16.4.4.2 

jI lakJall ^ d^ .Vu Vuh 

.dklJllI ^sja jjC’ ijoi 


COMMENTARY 

R16.4.4.3 In composite prestressed concrete members, the 
depth of the tension reinforcement may vary along the 
member. The definition of d used in Chapter 22 for 
determining the vertical shear strength is also appropriate for 
determining the horizontal shear strength. 


(^ac- i d^ ‘USjaII ^ R16.4.4.3 

22 "“'I d uLjaj djl^ 

‘j Uiaji l^iuAu 


R16.4.5 Alternative method for calculating design horizontal 
shear strength 

5/16/4 
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16.4.5.2 Where shear transfer reinforcement is designed to 
resist horizontal shear to satisfy Eq. (16.4.5.1), the tie area to 
tie spacing ratio along the member shall approximately 
reflect the distribution of interface shear forces in the 
composite concrete flexural member. 

COMMENTARY 

R16.4.5.2 The distribution of horizontal shear stresses along 
the contact surface in a composite member will reflect the 
distribution of shear along the member. Horizontal shear 
failure will initiate where the horizontal shear stress is a 
maximum and will spread to regions of lower stress. 

Ji-j ^>^16.4.5.2 

Ljjij 4 (16.4.5.1) fLJajV 

^ jjja 

^tk4j JjJa ^ o^' a! 16.4.5.2 

(jiaLla cijA^uj Jw .1^1 

,Jdi hauSa 

16.4.5.3 Transverse reinforcement in a previously cast 
section that extends into the cast-in-place section and is 
anchored on both sides of the interface shall be permitted to 
be included as ties for calculation of Vnh 

Because the slip at peak horizontal shear resistance is small 
for a concrete-to-concrete contact surface, longitudinal 
redistribution of horizontal shear resistance is very limited. 
Therefore, the spacing of ties along the contact surface 

liLaj ^ulwull 16.4.5.3 

Vnh jSjj^ 4JlLa ^ 

should provide horizontal shear resistance distributed 
approximately the same as the distribution of shear stress 
along the contact surface. 

16.4.6 Minimum reinforcement for horizontal shear Transfer 

A^Sfl SjjJ (jVJjVI (jSf Ijiaj 

A^Vl dJlfl 4^L4 .uj^I 

(ji Jjia iajljjll 4t^ll 

Jill ^tjiuuj Jai 16.4.6 


16.4.6.1 Where shear transfer reinforcement is designed to 
resist horizontal shear, Av,mm shall be the greater of (a) and 
(b); 

R16.4.6 Minimum reinforcement for horizontal shear 

Transfer 

oflill Jill jul-ill 0- t^jSn JadlR16.4.6 

4 Ji-l ^uL.uj ^•^^16.4.6.1 

):V) J (i) 4>* Ui% d 4*^ Av,mm 

(a) 

J y 

R16.4.6.1 The requirements for minimum area of shear 
transfer reinforcement are based on test data given in Kaar et 
al. (1960), Saemann and Washa (1964), Hanson (1960), 
Grossfield and Birnstiel (1962), and Mast (1968). 

(b) 0.35^ 

J y 

^j^ill Jil ^ *^1 cjUliala 4.1.4.6.1 

J Saemann ‘Kaar et al. (1960) jl^Vl cjUU 

Birnstiel j Grossfield ‘ (1960) ‘ (Washa (1964 

.(1968) ‘ ((1962 

16.4.7 Reinforcement detailing for horizontal shear transfer 

R16.4.7 Reinforcement detailing for horizontal shear transfer 

^^.AaVl J^ Jj.4^lij 16.4.7 

J^ ^uluull R.,4.4.7 

16.4.7.1 Shear transfer reinforcement shall consist of single 
bars or wire, multiple leg stirrups, or vertical legs of welded 
wire reinforcement. 


4(.^1.U.U d.3 ^Ua.u1 QA JAJ ^uL.UJ 16.4.7.1 

iil^LiuVl (j. 4 J^j^ 4 ^LwJ} CjUI£ 


16.4.7.2 Where shear transfer reinforcement is designed to 
resist horizontal shear, longitudinal spacing of shear transfer 
reinforcement shall not exceed the lesser of 60 mm. and four 
times the least dimension of the supported element. 


4^_^V1 J^ ^LjlyuJ La.ll& 16.4.7.2 

mm 60 ^ulwul Vi 

jxj J^t L^lxJai 


16.4.7.3 Shear transfer reinforcement shall be developed in 
interconnected elements in accordance with 25.7.1. 

R16.4.7.3 Proper anchorage of ties extending across the 
interface is required to maintain contact along the interface. 

J 4Jaj|jUl ^ 16.4.7.3 

.25.7.1 

<.5-^^ Jloj 4.7.3 
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16.5—Brackets and corbels 
16.5.1 General 

- 16.5 

16.5.1 


COMMENTARY 


R16.5—Brackets and corbels 

(^Ij^lj gril^^ll - R16.5 
R16.5.1 General —Brackets and corbels are short cantilevers 
that tend to act as simple trusses or deep beams, rather than 
beams, which are designed for shear according to 22.5. The 
corbel shown in Fig. R16.5.1a and Fig. 16.5.1b may fail by 
shearing along the interface between the column and the 
corbel, yielding of the tension tie, crushing or splitting of the 
compression strut, or localized bearing or shearing failure 
under the loading plate. These failure modes are illustrated 
and discussed in Elzanaty et al. (1986). 

R16.5.1 

,22.5 4 dj.a£ ^ ijA^ jl AJsjmu jjISIjS 

jjjjt jjft bl 6.5.1 R16.5.1a 

c4.1c Lu 4 j ^cJc444ll Jjla 

jU^I jl ^JacJI jI 4 Wi cjLalcj *j ‘ jl jI 4 

Elzanaty tit Ja^i 4 iiVt^ 4 .^^ cjaJi 

.(et al. (1986 

The method of design addressed in this section has only been 
validated experimentally for avid < 1.0. In addition, an upper 
limit is provided for Nuc because this method of design has 
only been validated experimentally for Nuc< Vu. 

J iaiS ^A44^1 1 |4A ^ l^jUj ^ AjA.AA'.tt 4^jia ^ ^ 

(jV Ijlaj Nuc -J ‘ (j^! dvld < 1.0. 

. Nuc ^ Vi( ^ 


16.5.1.1 Brackets and corbels with shear span-to-depth ratio 
avid <1.0 and with factored horizontal tensile force Nuc< Vu 
shall be permitted to be designed in accordance with 16.5. 

avid < 1.0 0^1 (3*® (jAljaVI 16.5.1.1 

J ]^uc < y„ -j A. ^LiaaaII 4-1^ a.l«,A^j'l 4^VI JaIII aj4 

16.5 


R16.5.1.1 Design of brackets and corbels in accordance with 
Chapter 23 is permitted, regardless of shear span. 

^4 23 (jaa\^\a^\\ ^aaaj 16.5.1.1. 

4 . 2 L 4 A 4.4 4jc 



Ftff. R16.5. la Struciurol action of a corbel. 



-Aac (pnmary 
twitorcfngnl) 




4n (ckwed 
stimips or ties) 


Fif;. R16.S,Ih \olalion u.sedin Section IS.3. 
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16.5.2 Dimensional limits 


jIxjVI JjJa. 16.5.2 


16.5.2.1 Effective depth d for a bracket or corbel shall be 
calculated at the face of the support. 

Aic fjtji jilt jl d Jlxill ^ 16.5.2.1 

_5j^jll 


16.5.2.2 Overall depth of bracket or corbel at the outside 
edge of the bearing area shall be at least 0.5<f. 

SitaJl ijC’ jSJl ji (jjjaU i_g^\ tjjij (ji i.;i^l6.5.2.2 

. 0.5d JiAajll jliJl 


16.5.2.3 No part of the bearing area on a bracket or corbel 
shall project farther from the face of support than (a) or (b): 
(a) End of the straight portion of the primary tension 
reinforcement (b) Interior face of the transverse anchor bar, 
if one is provided 

ji (jjja ylft ( jJak'j Vi 16.5.2.3 

^uluiUll QA {}) l(v) {}) Cfi' 

.14^ ^ . ..j .jti 


16.5.2.4 Eor normalweight concrete, the bracket or corbel 
dimensions shall be selected such that Vu!^ shall not exceed 
the least of (a) through (c); 

(jjijill jUjI jfuki AjLujAll 16.5.2.4 

:(j) (^! (') (> Jsi Vw/cf) V ji 

(a) 0.2//*^, 

(b) (33 + {iMf/)b^d 

(c) IIM 

16.5.2.5 Eor all-lightweight or sand-lightweight concrete, the 
bracket or corbel dimensions shall be selected such that y„/(t) 
shall not exceed the lesser of (a) and (b): 

A,yti\Xj 16.5.2.5 

:(v) J (') (> ij2'y«/4) ji jUj’I 


(a) 


0 ) 


0.2-0.07^ 

d 


fXd 


5.5-l.9^\bd 


COMMENTARY 


R16.5.2 Dimensional limits 


jUuSn JjJ^R16.5.2 


R16.5.2.2 A minimum depth, as shown in Eig. R16.5.1a and 
R16.5.1b, is required at the outside edge of the bearing area 
so that a premature failure will not occur due to a major 
crack propagating from below the bearing area to the sloping 
face of the corbel or bracket. Eailures of this type have been 
observed (Kriz and Raths 1965) in corbels having depths at 
the outside edge of the bearing area less than required in 
16.5.2.2. 

JLull ^ jA L>S 4 ija .^1 44iajjR16.5.2.2 
4 ^. 1 ^ 4 ^ij,-xj JjuaJlll Ailald 4 R16.5.1b jR16.5.1a 

A^iala JIujVI 4 ^ ^auj ‘ 

(Kriz and Raths 'j* (> ji Jii-iU 

ijA Jsi 4.1h'A' jl^l ijlC' (JIacVI (,^1965) 

.16.5.2.2 J s-jIIsaII 

R16.5.2.3 The restriction on the location of the bearing area 
is necessary to ensure development of the specified yield 
strength of the primary tension reinforcement near the load. 
If the corbel is designed to resist tensile force Nuc, a bearing 
plate should be provided and fully anchored to the primary 
tension reinforcement (Eig. R16.5.1b). 

(jUJal J j A a . 1' 1 5i!aiA ^ja j£. Qa 3-2-5-16 

^ IjI ,(3.4^1 ujilL 4^jVl >^4^) t, 4 4-v 4 .ajI^ 

jSajaj Ja^ a 4 Nuc 

.(u 16.5.1 (JaI^IIj 

R16.5.2.4 These limits impose dimensional restrictions on 
brackets and corbels necessary to comply with the maximum 
shear friction strength allowed on the critical section at the 
face of support. 

(jjiljsSh JLajVI ijiSr Ujai 4-2-5-16 

^AA^ll at 11 all 


R16.5.2.5 Tests (Mattock et al. 1976a) have shown that the 
maximum shear friction strength of lightweight concrete 
brackets and corbels is a function of both fc' and avid. No 
data are available for corbels or brackets made of sand 
lightweight concrete. As a result, the same limitations have 
been placed on both all-lightweight and sand-lightweight 
brackets and corbels. 


Sja (Mattock et al. 1976a) cjj^i R16.5.2.5 

J ' fc 4tjaja-v\l ■AK'.-vt 

(ja 4 jjj|jaVl ji ^Ua ^ .av / d 

4jj.4Ajil) (jA j£ (JA^ CixJaj 4iillAl A^4a^I 
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16.5.3 Required strength 


Cjlkall sjSlI 16.5.3 


16.5.3.1 The section at the face of the support shall be 
designed to resist simultaneously the factored shear Vu, the 
factored horizontal tensile force Nuc, and the factored 
moment Mu given by {Vuav + Nuc{h - rf)]. 


R16.5.3 Required strength 


Sjill R16.5.3 


^ i_i^ 16.5.3.1 

"IMu" ‘ Nuc i Vu 

.[Vuav+ Nuc{h - d)] jx^uiaII 


16.5.3.2 Factored tensile force, Nuc, and shear, Vu, shall be 
the maximum values calculated in accordance with the 
factored load combinations in Chapter 5. 

i Vu ‘ ‘ Nuc ^ Cxs^ 16.5.3.2 

,5 ^ ^ 


16.5.3.3 Required strength shall be calculated in accordance 
with the analysis procedures in Chapter 6, and the 
requirements in this section. 

^ Jjit-xl.'l ^ lisj 9jill 16.5.3.3 

^ CjUUsIaIIj 


16.5.3.4 Horizontal tensile force acting on a bracket or corbel 
shall be treated as a live load when calculating Nuc, even if 
the tension results from restraint of creep, shrinkage, or 
temperature change. 

4.1ja-\S ijtji jilt ji Jaxj JaIxj 16.5.3.4 

^IaSjVI ji (jlS iJl ^Nuc 

.»jljaJl ^jJ jl 

16.5.3.5 Unless tensile forces are prevented from being 
applied to the bracket or corbel, Nuc shall be at least 0.2yH. 

^ ^ ^ ka 16.5.3.5 

.0.2y. Jsn Nuc UJ% u' 


R16.5.3.4 Because the magnitude of horizontal forces acting 
on corbels or brackets cannot usually be determined with 
accuracy, it is required that Nuc be amplified by the load 
factor applicable to live loads. 

ji ^Jc■ 4^Sll (ijill o' o^! R16.5.3.4 

JaIc aJxuIjj Nuc o' ‘ SjI£ o^aj V o^ljsi 

,AaxJ| JIa^VI 


16.5.4 Design strength 


Aaaaaa^jII ^jHaI) 16.5.4 


16.5.4.1 Design strength at all sections shall satisfy 4)Sn> U, 
including (a) through (c). Interaction between load effects 
shall be considered. 


(|)Sn > 16.5.4.1 

CjIJ&U llI ^ ji^l ^ Loj i u 


(a.) (|)A^« ^ Nuc 

(b) i^Vti>Vu 

(c) ct)Mn > Mu 
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16.5.4.2 ([) shall be determined in accordance with 21.2. 


.21.2 4 tisj lAJjJaj ^ (|) 16.5.4.2 


16.5.4.3 Nominal tensile strength Nn provided by An shall be 
calculated by 


An ^ Nn >1^1 16.5.4.3 

Nn = Anfy (16.5.4.3) 


16.5.4.4 Nominal shear strength Vn provided by Avf shall be 
calculated in accordance with provisions for shear-friction in 
22.9, where Avf is the area of reinforcement that crosses the 
assumed shear plane. 


Vn AaAudVl ^ 16.5.4.4 

^1^ (_gAAvf ^22.9 ~ ^li^V 


16.5.4.5 Nominal flexural strength M« provided by A/shall 
be calculated in accordance with the design assumptions in 

22.2. 


^ Af lAjSjJ IMn AoaujVI pU^Vl uu.Ui'^d 16.5.4.5 

.22.2 tlUal Jki 


16.5.5 Reinforcement limits 

16.5.5 

R16.5.5 Reinforcement limits 

jtjiuull jjjA 16.5.5 

16.5.5.1 Area of primary tension reinforcement, Asc, shall be 
at least the greatest of (a) through (c): 

R16.5.5.1 Test results (Mattock et al. 1976a) indicate that the 
total amount of primary tension reinforcement, Asc, required 
to cross the face of the support should be the greatest of: 

JiSll i Asc ‘.1*^ jtiLjilll o'l 4*^ 16.5.5.1 

:fe) (i) 

(a) Af An 

(b) (2/3 )Av/-hA„ 

(C) QM{fc'lfy){b.d) 

o' (R.5.5.5.1 (Mattock et al. 1976a 

:<j4i La J^i QjSj (ji 

(a) The sum of the amount of reinforcement needed to resist 
demands from flexure. A/, plus the amount of 
reinforcement needed to resist the axial force. An, as 
determined by 16.5.4.3. 

i af (>a ^ (i) 

i A ^ djill 

.16.5.4.3 J JAa-dl 

(b) The sum of two-thirds of the total required shear friction 
reinforcement, Avf, as determined by 16.5.4.4, plus the 
amount of reinforcement needed to resist the axial force. 
An, determined by 16.5.4.3. The remaining Avf/3 should 
be provided as closed stirrups parallel to Asc as required 
by 16.5.5.2. 

La£ t Avf ^La^l (jji (u) 

djilj Aa.a£ i 16.5.4.4 H jA 

Avf / 3 41 jAjj ^ tji .16.5.4.3 -j ‘ An ‘ 

.16.5.5.2 V.^4xa jX La£ Asc 4 A^l^ Aali A 
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16.5.5.2 Total area of closed stirrups or ties parallel to 
primary tension reinforcement. Ah, shall be at least: 

Ah=0.5(Asc-An) (16.5.5.2) 

ji AllLol) CjUlsll Aalslj 16.5.5.2 

Ah=0.5(Asc-An) (16.5.5.2) 


16.5.6 Reinforcement detailing 

Jj^Uj 16.5.6 

16.5.6.1 Concrete cover shall be in accordance with 20.6.1.3. 

.20.6.1.3-1 <>>->11 (‘daill UJ% u> 16.5.6.1 

16.5.6.2 Minimum spacing for deformed reinforcement shall 
be in accordance with 25.2. 

.25.2 -1 ujl^“*l> ^■>—■11 JftlJ Jsi <j>j <ji 1.;*^ 16.5.6.2 


COMMENTARY 


(c) A minimum amount of reinforcement, multiplied by the 
ratio of concrete strength to steel strength. This amount is 
required to prevent the possibility of sudden failure should 
the bracket or corbel crack under the action of flexure and 
outward tensile force. 

Ajmu > Cjj.ua.a ^ 

<3.4^ u>la.a 

R16.5.5.2 Closed stirrups parallel to the primary tension 
reinforcement are necessary to prevent a premature diagonal 
tension failure of the corbel or bracket. Distribution of Ah is 
required to be in accordance with 16.5.6.6. The total amount 
of reinforcement required to cross the face of the support, as 
shown in Fig. R16.5.1b, is the sum of Aic and A*. 

4.a1xa 1I <l<ljl£ll R,5.5,5,2,2 

<jj% <j> .<j^>l> j> <>^>>11 ^>jV <_3J>— iSJ^ ^1^ 

(Sj^jll ^>.>u1i >L4^i .16.5.6.6 -1 >^j Ah 

.Ah j Asc > ‘ R.5.5.1h >—!> <> > >^ 

R16.5.6 Reinforcement detailing 

R16.5.6 
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16.5.6.3 At the front face of a bracket or corbel, primary 
tension reinforcement shall be anchored by (a), (b), or (c): 

(a) A weld to a transverse bar of at least equal size that is 
designed to develop fy of primary tension reinforcement 

(b) Bending the primary tension reinforcement back to form 
a horizontal loop 

(c) Other means of anchorage that develops fy 

R16.5.6.3 For brackets and corbels of variable depth (refer to 
Fig. R16.5.1a), the stress at ultimate in the reinforcement is 
almost constant at approximately fy from the face of support 
to the load point. 

JJXJ. 4 II 166^6^6^3 

(>/y -lift Ijjjij CjUll ^ ^Ull ui% ‘(* 1-5-16 

,J.a^l 4jail] ^.aII 

16.5.6.3 

:(^) (v) (0 

JdVl ^ (JjLuHa (^\ 

fy Ci.\.fiA J&i ^ illUijuAI JjU.uj 

This is because the horizontal component of the inclined 
concrete compression strut is transferred to the primary 
tension reinforcement at the location of the vertical load. 
Therefore, reinforcement should be fully anchored at its 
outer end (refer to 16.5.6.3) and in the supporting column 
(refer to 16.5.6.4), 

^ JjLdl Jali JaiVI ^ u'^ l^! 

tfij (16.5.6.3 5^'j) Jjlillj juluull 

‘(16.5.6.4 

so as to be able to develop its specified yield strength from 
the face of support to the vertical load (refer to Fig. 
R16.5.6.3a). Satisfactory anchorage at the outer end can be 
obtained by bending the primary tension reinforcement bars 
in a horizontal loop as specified in 16.5.6.3b, or by welding a 
bar of equal diameter or a suitably sized angle across the 
ends of the primary tension reinforcement bars. The weld 
detail used successfully in the corbel tests reported in 
Mattock et al. (1976a) is shown in Fig. R16.5.6.3b. Refer to 
ACI Committee 408 (1966). 

‘LajH. djJli 

ijiju .(al6.5.6.3 2^'j) 

jji ^4^ ‘LuLuiVI (Jjjla Cfi cijlall ^ 

jLMU.a jia^ Cfi" ‘bl6.5.6.3 ka£ 

4^1aaTu 

iiljjLa ^ CjjSj ^ ^ A4-V-..iaII 

ACI 408 ^ .V R.16.5.6.3.i>AiJl J (al976) 

.((1966 

An end hook in the vertical plane, with the minimum 
diameter bend, is not totally effective because a zone of 
unreinforced concrete beneath the point of loading will exist 
for loads applied close to the end of the bracket or corbel. 
For wide brackets (perpendicular to the plane of the figure) 
and loads not applied close to the end, U-shaped bars in a 
horizontal plane provide effective end hooks 


(»ijA.u 4Jaij LaLaj 

4ij*.iulLj UJ^ 

^ FI ujilL 
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Fig. RI6.S.6.3a Member largely dependent on support and 
end anchorages. 


16.5.6.4 Primary tension reinforcement shall be developed at 
the face of the support. 

* in 16.5.6.4 



Fie. RI6.5.6.3h—Weld details used in tests of Mattock et al. 
(1976a). 


16.5.6.5 Development of tension reinforcement shall account 
for distribution of stress in reinforcement that is not directly 
proportional to the bending moment. 

^ jjJjj Cfi Ci^ ijjij tjl 16.5.6.5 

^ 


16.5.6.6 Closed stirrups or ties shall be spaced such that Ah is 
uniformly distributed within (2l3)d measured from the 
primary tension reinforcement. 


j,UaliL Ah 


AliLa jl ^ 16.5.6.6 


R16.5.6.5 Calculated stress in reinforcement at service loads, 
/s, does not decrease linearly in proportion to a decreasing 
moment in brackets, corbels, and members of variable depth. 
Additional consideration is required for proper development 
of the flexural reinforcement. 

1 fs t JLa^i aIc ^ L&Jah JL V R16.5.6.5 

pU^Vl (jf. jillll (jA ,^La&Vl 

R16.5.6.6 Refer to R16.5.5.2. 
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CHAPTER 17-ANCHORING TO CONCRETE 

17.1—Scope 

- 17 

Jb-Jl 17.1 

17.1.1 This chapter provides design requirements for anchors 
in concrete used to transmit structural loads by means of 
tension, shear, or a combination of tension and shear 
between: (a) connected structural elements; or (b) safety- 
related attachments and structural elements. Safety levels 
specified are intended for in-service conditions, rather than 
for short-term handling and construction conditions. 

a ^ t-.iaU'.A 17.1.1 

C-iLiiyi ji lU^ 

y.^ Cjyi^ A^IxIaII 

,9Aa 1I ^jLLdl cjyL^ ijM 


17.1.2 This chapter applies to cast-in anchors and to post 
installed expansion (torque-controlled and 
displacementcontrolled), undercut, and adhesive anchors. 
Adhesive anchors shall be installed in concrete having a 
minimum age of 21 days at time of anchor installation. 
Specialty inserts, through-bolts, multiple anchors connected 
to a single steel plate at the embedded end of the anchors, 
grouted anchors, and direct anchors such as powder or 
pneumatic actuated nails or bolts are not included in the 
provisions of this chapter. Reinforcement used as part of the 
embedment shall be designed in accordance with other parts 
of this Code. 

AaaajaII ijiC’j ^ iliLulall ijlC’ lAA ^.'^Vl7.1.2 

^A^ijyij ^ 

^ 21 tA^)Axl 

Aja*:.. ia\i JlAjyi 

CjUjLftljj ij^UiAAl! ^ dA^lj Ajjy^ 

jl Uji JaHJ jl J^LaaI) SjaaUaII 

^Ij^y llSj ^jxll (JA f ^ 

.Jjlll IJA (jji 


COMMENTARY 

R17-ANCHORING TO CONCRETE 

R17.1—Scope 

AjUji^l ji-iiHill-Rl? 

Jb-dl R17.1 

R17.1.1 This chapter is restricted in scope to structural anchors that transmit 
structural loads related to strength, stability, or life safety. Two types of 
applications are envisioned.The first is connections between structural 
elements where the failure of an anchor or an anchor group could 
result in loss of equilibrium or stability of any portion of the 
structure. The second is where safety-related attachments that are 
not part of the structure (such as sprinkler systems, heavy 
suspended pipes, or barrier rails) are attached to structural elements. 
The levels of safety defined by the combinations of load factors and 
4)-factors are appropriate for structural applications. Other 
standards may require more stringent safety levels during 
temporary handling. 

h jtA^yi Jljj 17~17 

(jA ^ aa^La jI jijiiujyi ji djiib a^IxaaIi 

jl j<^1a^1 (JH ^jyi 

(jM ^ jijiuAyi ji 6''^ (j^! ^jA^ 

(jji VuAyl ^.a^LaIIa A^IxaaII cIjI^jaII ^.^Ijia jA ^IaIIj 

ji Uallt .->a\fc c^Ui (c.)Ajil h 

JaIj& CaU^jj ^^LAalj CaIajIaia (jl .AaIL^I ja^IaaII 

CaIaj 14AA J^hLA ‘.dU’.'. .Aa1£a^I CaI^AjIsaII 4.A4aUa 

a-vtu pUji 

R17.1.2 Provisions for design of adhesive anchors were added in 
the 2011 Code. Adhesive anchors are particularly sensitive to a 
number of factors including installation direction and loading type. 
Where adhesive anchors are used to resist sustained tension, the 
provisions include testing requirements for horizontal and upwardly 
inclined installations in 17.2.4 and design and certification 
requirements for sustained tension load cases in 17.2.5 and 17.8.2.2 
through 17.8.2.4, respectively. Adhesive anchors qualified in 
accordance with ACI 355.4 are tested in concrete with compressive 
strengths within two ranges: 17 to 28 MPa and 45 to 59 MPa. Bond 
strength is, in general, not highly sensitive to concrete compressive 
strength. The design performance of adhesive anchors cannot be 
ensured by establishing a minimum concrete compressive strength 
at the time of installation in early-age concrete. Therefore, a 
minimum concrete age of 21 days at the time of adhesive anchor 
installation was adopted. The wide variety of shapes and 
configurations of specialty inserts precludes prescription of 
generalized tests and design equations. Specialty inserts are not 
covered by Chapter 17 
provisions. 

,2011 A a.tl j^IaaaII *j A^Luaj ^ 17~17 

^ Laj JaIjxII ijji JJxl AaaLa^ j^LaaII 

4 jaIaAaII AaaII AaAjI^aI J^LaaII ^A^AAAJ ,JaA^a1| 

17.2.4 ^AIa^Ia Jaajj A^^Vl (IjLaaaI! jIaa^VI bljUlialA Ja^aaj 

17.2.5 djAAAAA .iVaW Ja^I CAUliala CaIjI^iaaI) ^aa^j 

J*b jaaLaaII jlAli.1 fij .JIjaII ^ . 17.8.2.4 17.8.2.2J 
28 -17 lojillaj JilJ AJaeUi Sja ja AALAjill ^ ACI 355.4 
^IxU ^3^4^ (CjIiIImiII .IVlPd 59 ~45 .jlVlPd 

^ ^ hiuJa Sjil 

^ hSua 

jLamiaII 21 J.4& ^ iiillil 

Axuilj ^.^^114 A£rjA^ 

17 V 4«A.4XaI1 

,5-uaLiJl tJliVLiJV* 
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17.1.3 Design provisions are included for the following types 
of anchors: 

(a) Headed studs and headed bolts having a geometry that 
has been demonstrated to result in a pullout strength in 
uncracked concrete equal to or exceeding \ANp, where Np is 
given in Eq. (17.4.3.4) 

(b) Hooked bolts having a geometry that has been 
demonstrated to result in a pullout strength without the 
benefit of friction in uncracked concrete equal to or 
exceeding \ANp, where Apis given in Eq. (17.4.3.5) 

(c) Post-installed expansion and undercut anchors that meet 
the assessment criteria of ACI 355.2 

(d) Adhesive anchors that meet the assessment criteria of 
ACI 355.4 

(JA Jlkji ^ 3-1-17 

1^1 JUjI Cjjj j^Uaaj (JaIjj j^Laa 

‘ 1.4Ap 

(17.4.3.4) (J Np 

Ijl] Aji du dllj (u) 

jl ^jLaj ^ >11 s'.-vyt Qji dJlllujVl 

(17.4.3.5) ^jI*a 11 ^ Np ‘ 1.4Ap 

^ j^Uaj AjJlJjjVl j^UaaIIj Jxj (^) 

ACI 355.2 

ACI 355.4 (^1 AikaiUl j^LaaII (j) 

17.1.4 Load applications that are predominantly high cycle 
fatigue or impact loads are not covered by this chapter. 

j\ JlUl JLa^'I ^ Ja^I dillj Ji' IJA Jauu V 17.1.4 


17.2—General 

17.2.1 Anchors and anchor groups shall be designed for 
critical effects of factored loads as determined by elastic 
analysis. Plastic analysis approaches are permitted where 
nominal strength is controlled by ductile steel elements, 
provided that deformational compatibility is taken into 
account. 

I»U 17.2 

j^Lwi.41) ^ 17.2.1 

^ La£ 

^ (ji ^ 

17.2.1.1 Anchor group effects shall be considered wherever 
two or more anchors have spacing less than the critical 
spacing as follows: 

^ (ji 17.2.1.1 

.^L^I ^J.4 Jdl .^Lj jl 


Failure mode under investigation 

Critical spacing 

Concrete breakout in tension 

3/.rf 

Bond strength in tension 

2ck. 

Concrete breakout in shear 

3c«i 


under investigation shall be included in the group. 


COMMENTARY 


R17.1.3 Typical cast-in headed studs and headed bolts with 
geometries consistent with ASME Bl.l, B 18.2.1, and B 18.2.6 
have been tested and proven to behave predictably, so calculated 
pullout strengths are acceptable. Post-installed anchors do not 
have predictable pullout strengths, and therefore qualification 
tests to establish the pullout strengths per ACI 355.2 are required. 
Eor a postinstalled anchor to be used in conjunction with the 
requirements of this chapter, the results of the ACI 355.2 tests 
have to indicate that pullout failures exhibit an acceptable load- 
displacement characteristic or that pullout failures are precluded 
by another failure mode. Eor adhesive anchors, the characteristic 
bond stress and suitability for structural applications are 
established by testing in accordance with ACI 355.4. 

CjIJ j^LaaIIj ^ ^ja^aII CjU^aII ^ R17.1.3 

B18.2.6 j B18.2.1 j ASME Bl.l ^ 

iji Jalli i L^l 

^jL iiUllj V Axj AaaaI) j^UaaI) 

Aa^ jLaaaa *t ^A*:. .it Qji 355.2 u^aaII SjA Jalll jja^aI 

(ji ijl] ACI 355.2 1 IaA cjiAllala ^ Uuaa 

(ji ji j^iki uI^aaIvi 

tAft.^^bjAlAAAU AaaAaIIj (JiAiA ^43^ (J5tk Qji CaI^AAjVI 

J llSj jiAAkVI Cfi 'I ajAAAll lajjll laxAd ^LajI 

.ACI 355.4 


R17.1.4 The exclusion from the scope of load applications 
producing high cycle fatigue or extremely short duration impact 
(such as blast or shock wave) are not meant to exclude seismic 
load effects. Section 17.2.3 presents additional requirements for 
design when seismic loads are included. 


diUjuiaj ^Uaj ijM jUjIuVI V R17.1.4 

AUa14aI (^Aa^I J^) 1a^ ji ^J^)Ail 

^jjAuaj ^ LaAI& aja.a'.U A^Lual cjUUal. 17.2.3 ^aa^I 

.^1 jijii jUa,Sn 


R17.2—General 


R17.2.1 When the strength of an anchor group is governed by 
breakage of the concrete, the behavior is brittle and there is 
limited redistribution of the forces between the highly stressed 
and less stressed anchors. In this case, the theory of elasticity is 
required to be used, assuming the attachment that distributes 
loads to the anchors is sufficiently stiff. The forces in the anchors 
are considered to be proportional to the external load and its 
distance from the neutral axis of the anchor group. If anchor 
strength is governed by ductile yielding of the anchor steel, 
significant redistribution of anchor forces can occur. In this case, 
an analysis based on the theory of elasticity will be conservative. 
Cook and Klingner (1992a,b) and Lotze et al. (2001) discuss 
nonlinear analysis, using theory of plasticity, for the 
determination of the capacities of ductile anchor groups. 


^Ull R 17.2 

i ^lAAjkil ^^^Iaa'aJ ^ ■'jA-V A jLoAAAlj ^ dj2 LaAa& R17.2.1 

t-* -aaIIj JaaII SAjIaa j^IaaaaII (JM dAl&l iAIUAj ^JaA lil^^lAAlj 

(jil jjSI iAjj^^aII ^jlaj ^lAkluil lAjlaJl ^ .JSVI 

^ A^ Laj j^IaaaaII JIa^VI 

AjL^Aftll ^jAxjj Ja^I ^ A.mU1a j^LaaI) 

^^AjA t jLaaaaaII caL^ (jji A^aII Aa^^S^a jLaaaI) CajIS IaI ,pIaajjV1 

JaI&aII jjA j. .1 aAA ^ ,jIaaaaa 1| dAlfl i^A^ 

b) and ‘Cook and Klingner (1992a .OailaA a^jjaH AjjJki ^ 
i AjjAlll Ajjlki j>). iku Alj i AAiaLiA (Lotze ct al. (2001 
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17.2.2 The design strength of anchors shall equal or exceed 
the largest required strength calculated from the applicable 
load combinations in 5.3. 

ji (ji 17.2.2 

.5.3 AIjIsaI) JLa^VI u^Ijj Qji 

17.2.3 Seismic design 

17.2.3.1 Anchors in structures assigned to Seismic Design 
Category (SDC) C, D, E, or F shall satisfy the additional 
requirements of 17.2.3.2 through 17.2.3.7 

JljljJl jXL-alill 17.2.3 

4.^ A ^ ‘.'yj 17.2.3.1 

17.2.3.2 u- cjUkull p ji E ji'd ji SDC) C) 

17.2.3.7 


COMMENTARY 

R17.2.3 Seismic design —Unless 17.2.3.4.1 or 17.2.3.5.1 apply, 
all anchors in structures assigned to Seismic Design Categories 
(SDC) C, D, E, or F are required to satisfy the additional 
requirements of 17.2.3.1 through 17.2.3.7, regardless of whether 
earthquake loads are included in the controlling load combination 
for the anchor design. In addition, all post-installed anchors in 
structures assigned to SDC C, D, E, or F must meet the 

requirements of ACI 355.2 or ACI 355.4 for prequalification of 
anchors to resist earthquake loads. Ideally, for tension loadings , 
anchor strength should be governed by yielding of the ductile 
steel element of the anchor. If the anchor cannot meet the 
specified ductility requirements of 17.2.3.4.3(a), then the 
attachment should be either designed to yield if it is structural or 
light gauge steel, or designed to crush if it is wood. If ductility 
requirements of 17.2.3.4.3(a) are satisfied, then any attachments 
to the anchor should be designed not to yield. In designing 
attachments using yield mechanisms to provide adequate 

ductility, as permitted by 17.2.3.4.3(b) and 17.2.3.5.3(a), the ratio 
of specified yield strength to expected strength for the material of 
the attachment should be considered in determining the design 
force. 

ji 17.2.3.4.1 fL ^ Ia . Jljljll 17.2.3 

A ^ ^17.2.3.5.1 

3.1 .17.2 ^ ^Jlk, F ji E ji D ji SDC) C) 

^ (lulS Ijj LaP jl^l ^17.2.3.7 

Aa^aI) j^LaaII ^aa^ (ji .jLawlaII SjIajAAAlj 

ji ACI 355.2 cjEUaiu F ji E ji D ji SDC C -1 3-Ai.AiiAll J 

A^Ull (jA .JjVjll ^jHaI j^LaaAI (jjAAAlj ACI 355.4 

(JJaII jl-AAAAlj (A^IaaI) 

17.2.3.4.3 dJ.l^.All fjjtjllajA ^OMMA ^ iJl .jLaaaaII 

(jA (jl£ Ul AajHaI I IaI (JJ^ (ji 

^IfiAAAjI ^ iJl “A iJl t( (jaIaAaII ^i 

jIamaaU caI^ja (^i 17.2.3.4.3 t-.i 

Ia£ iAAjjLa ^Ia^aauIa CaI^jaII 

jW^' ‘(a) 17.2.3.5.3 j (b) 17.2.3.4.3 ^jaajla ja 

,^ja1) AjlSjIaII UajI^aI) 

The value used for the expected strength should consider both 
material overstrength and strain hardening effects. For example, 
the material in a connection element could yield and, due to an 
increase in its strength with strain hardening, cause a secondary 
failure of a sub-element or place extra force or deformation 
demands on the anchors. For a structural steel attachment, if only 
the specified yield strength of the steel is known, the expected 
strength should be taken as approximately 1.5 times the specified 
yield strength. If the actual yield strength of the steel is known, 
the expected strength should be taken as approximately 1.25 
times the actual yield strength. Under seismic conditions, the 
direction of shear may not be predictable. The full shear force 
should be assumed in any direction for a safe design. 

^ AaS^^IaI) AmajI^aU a a .1 a Aja\l AklA (jl ,^aaa^a1) AaA^ ^ 
(JIaaII (Ja^ , (JlxijjU Aaa.^) CaIj^IaII ^Iaj^I UajI^aII (jA 5t^ jIa^VI 

^ ^UajV A.^^J JaOAC' ^ ^tljA (ji (j^AA 

iji ^Aiiaj jl jaoaxI (^^Ia (Ja^ ^ i (JbilAjU AakaoII CaIj^IaII 

CajI£ IjI ((JAjaII ^UaaVI A.uaaIIa .j^LaaI) ji AjAI .>ij 

Aji^jAAll Ajill (ji ^jLLa 

AaIilII) Uajl^ CajIS IaI .Saa^aaII (jA Iaaj^ 1,5 t^i 

(jA dJA 1,25 A Aja< Aji£^^1a 1| djill (ji 

,4a jaaUI (j^AA V (j^^l sIaaI (j>% AS jljll (jla ^ ,4^4aill 

,(jAi AjA.AA'.t ^i ^ A \a 1<\1 (j^Hj djS (jAajA&j (ji 
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COMMENTARY 

17.2.3.2 The provisions of this chapter do not apply to the 
design of anchors in plastic hinge zones of concrete 
structures under earthquake forces. 

R17.2.3.2 The design provisions in this chapter do not apply for 
anchors in plastic hinge zones. The possible higher levels of 
cracking and spalling in plastic hinge zones are beyond the 

^ V 17.2.3.2 

conditions for which the nominal concretegoverned strength 
values in this chapter are applicable. Plastic hinge zones are 
considered to extend a distance equal to twice the member 
depth from any column or beam face, and also include any other 
sections in walls, frames, and slabs where yielding of 
reinforcement is likely to occur as a result of lateral 
displacements. Where anchors must be located in plastic hinge 
regions, they should be detailed so that the anchor forces are 
transferred directly to anchor reinforcement that is designed to 
carry the anchor forces into the body of the member beyond the 
anchorage region. Configurations that rely on concrete tensile 
strength should not be used. 

^ IJA fjk »J jljll (j Ja.n V 17.2.3.2 

^ JaLaIIj A^aI^aII Ai^ljdl «.liljjlfcAAll .AJjaII iJj^L^iAll ^_^11 a 

AaAauVI djill AjjaII iJj^L^iAl) ^^IsUa 

. ^ AjJAaAaII 

(j\ ^_^A9dl ^ ^jLaAJ A^LaA AjjaII kll^L^iAll ^^IsUa 

j ((JjljUaVlj )^Ha LJajl Jaaajj 4 d jaIII jl 

CiJ^ ^ AJjaII kij^L^iAll ^_^Ua ^ J^IaAaII ^,>4 CiJ^ 

^ SjaaI^ jLaiaaI) Jij ^ AX^La 

^}.1^14a} (-Ji^ Aiiala j^V\i ^ Cjljd Ja^ 

17.2.3.3 Post-installed anchors shall be qualified for 
earthquake loading in accordance with ACI 355.2 or ACI 
355.4. The pullout strength A^and steel strength in shear Vsa 
of expansion and undercut anchors shall be based on the 
results of the ACI 355.2 Simulated Seismic Tests. For 
adhesive anchors, the steel strength in shear, Vm, and the 
characteristic bond stresses, Xuncr and Ter, shall be based on 
results of the ACI 355.4 Simulated Seismic Tests. 

R17.2.3.3 Anchors that are not suitable for use in cracked 
concrete should not be used to resist earthquake loads. 
Qualification of post-installed anchors for use in cracked 
concrete is an integral part of the qualification for resisting 
earthquake loads in ACI 355.2 and ACI 355.4. The design 
values obtained from the Simulated Seismic Tests of ACI 355.2 
and ACI 355.4 are expected to be less than those for static load 
applications. 

(ji 17.2.3.3 

J .ACI 355.4 ji ACI 355.2 

iajxj (ji .JjVjli ACI 355.2 tliljbjil 

‘ Ter J T««cr ‘ lajjll i VSH <aj\1a 

JjVjn ACI 355.4 

^Luuj^l ^ a^UaII j^LaaaII V 3~3~3~17~3 

AJmAll J^IaAaI) JIa^I A^iAAAlj 

JIa^I V A^14a1a1I ^Iaaj^I ^ 

^ ^.OA^I ^ aj^ oi u- .ACI 355.4 j ACI 355^2 

ACI J ACI 355.2 JJVjll SlSla^ L^jIc 

4.uslill dlj Jai 355.4 

17.2.3.4 Requirements for tensile loading 

17.2.3.4.1 Where the tensile component of the strength level 
earthquake force applied to a single anchor or group of 
anchors is equal to or less than 20 percent of the total 
factored anchor tensile force associated with the same load 
combination, it shall be permitted to design a single anchor 
or group of anchors to satisfy 17.4 and the tensile strength 
requirements of 17.3.1.1. 

R17.2.3.4 Requirements for tensile loading 

R17.2.3.4.1 The requirements of 17.2.3.4.3 need not apply 
where the applied earthquake tensile force is a small fraction of 
the total factored tension force. 

a 4J1 cjUllala 4 .2. 17 J 17 

Sja Ujle 17.2.3.4.3 V 1-4-3-2-17 

.aAll ^ja tjji \jJua 1^5^ 

tijUliala 17.2.3.4 

dj^l 17.2.3.4.1 

20 0^ jLoaAA 

Ja^I A^JJ ^ AJs^JA jIawIaU S^U^aII AaHII JaaII (JA AaaII ^ 

17.4 0^ A,&.^^a^ jl jLaaaa > j ^LAaAJ (AaaIj 

.17.3.1.1 kljUlialaj 
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COMMENTARY 


17.2.3.4.2 Where the tensile component of the strengthlevel 
earthquake force applied to anchors exceeds 20 percent of 
the total factored anchor tensile force associated with the 
same load combination, anchors and their attachments shall 
be designed in accordance with 17.2.3.4.3. The anchor 
design tensile strength shall be determined in accordance 
with 17.2.3.4.4. 


djil) UJ^ 17.2.3.4.2 

rA . ..a* ^ 4ja^j.a d.^x.>^All 

^ ^ .17.2.3.4.3 

.17.2.3.4.4 »jiill liaj jUuiaH 


17.2.3.4.3 Anchors and their attachments shall satisfy one of 
options (a) through (d): 

(a) For single anchors, the concrete-governed strength shall 
be greater than the steel strength of the anchor. For anchor 
groups, the ratio of the tensile load on the most highly 
stressed anchor to the steel strength of that anchor shall be 
equal to or greater than the ratio of the tensile load on tension 
loaded anchors to the concrete-governed strength of those 
anchors. In each case; 

(i) The steel strength shall be taken as 1.2 times the nominal 
steel strength of the anchor. 

(ii) The concrete-governed strength shall be taken as the 
nominal strength considering pullout, side-face blowout, 
concrete breakout, and bond strength as applicable. For 
consideration of pullout in groups, the ratio shall be 
calculated for the most highly stressed anchor. In addition, 
the following shall be satisfied: 

(iii) Anchors shall transmit tensile loads via a ductile steel 
element with a stretch length of at least eight anchor 
diameters unless otherwise determined by analysis. 

(iv) Where anchors are subject to load reversals, the anchor 
shall be protected against buckling. 


:(J) (i) u- liljUaJl i».i 17.2.3.4.3 

djill (jM (JjSj 

AaaAJ tjjSj (ji ‘ (J^LaaII (jj» .jLaaAaU 

A^LaA jIaaAaII iillj ^ jIaaAaII 

^ajIAaI 44aaa1| j^LaaI) A^^j Ja^ Aaaj ^ jl 

■ ^ ,j^Laa 1I iiUj 

AaaaaVI ajAaII ^jIaa l1,2 ajAaII ^Ij 


.J' 

dJAJAA AjaauI ^jIAa£ 4 a 1 aaa 1 | ^jIAa AAJJ ul ( 2 ) 

Jaj^l ^jIAaJ ^IjAaIj i4.A^ jIaAjVIj iulAAAJ^tj 

Jii'i AjauII uaiajj ..'•ilajA-v„ ^ uLajaIVI jiaiU .^UaaISVI aIc 
La ^LJaVLj .UaW ^jlajAA jLaaaa 

(jaUI AjAaJI ^jla A^^l JIaaI Jajj (ji j^LaaII ^3) 

,iillA lA^La JaIa^I AAaj ^ La jLaaaaII jUaii V AlAlal 

(jA jLaaaaII AjLaa (JaaJI c 1 jLmjI£xjV j^IaaaII ^Jaaj LaAI^ ^ 4 ) 


R17.2.3.4.2 If the ductile steel element is ASTM A36 or 
ASTM A307 steel, the futalfya value is typically 
approximately 1.5 and the anchor can stretch considerably 
before rupturing at the threads. For other steels, calculations 
may need to be made to ensure that a similar behavior can 
occur. 

ji ASTM A36 > u>*il jVjill '^1 2. 4. 3. 7. 17 

u' u^J 1.5 ujSj futa / fya ‘ ASTM A307 

aV.,^1 AaaaHLj aI& ^jaIII jLaaaaII Aaaj 

,(,^Laa i^jAA ^LaJaI CjLjIaaaII f A2 


Section R17.4.1.2 provides additional information on the 
steel properties of anchors. Provision of upset threaded ends, 
whereby the threaded end of the rod is enlarged to 
compensate for the area reduction associated with threading, 
can ensure that yielding occurs over the stretch length 
regardless of the ratio of the yield to ultimate strength of the 
anchor. 

(JA (J^'l ijf. iAiLa^jIaA JSJJ R17.4.1.2 

(JA iajljAil ^L^ ^ .j^LalaI) 

Qa a£Ij dj^Aj (Ala^jAll 4 .aIaaa1| ^^a AaII 
Sjill ^JaAaII AaaU (jc jiklll JAaaII i^Aaj 

,dL4A^)All 


R17.2.3.4.3 Four options are provided for determining the 
required anchor or attachment strength to protect against 
nonductile tension failure: 

In option (a), anchor ductility requirements are imposed and 
the required anchor strength is that determined using 
strength-level earthquake forces acting on the structure. 
Research (Hoehler and Eligehausen 2008; Vintzileou and 
Eligehausen 1992) has shown that if the steel of the anchor 
yields before the concrete anchorage fails, no reduction in 
the anchor tensile strength is needed for earthquake loadings 
Ductile steel anchors should satisfy the definition for ductile 
steel elements in Chapter 2. 

jI ajaa^ ^ 3~3~4 L17~4 

^^JaaLaIaII AaaII (JA AjLaaAI 

^I. 1 a 1 aaLj jLaaAaII dj 2 .ij.iAJ jLaaAA 

(^tAjSh Ca ijlC' JaHJ ^jIaaA ijlC' Jljljll 

J Vintzileou ^2008 Eligehausen j Hoehler) 

Jji jVjill jLaaaaI ^^jAiaill JaaS 4JLa. ^ aUI (Eligehauseu 1992 

QA jLaaaaII Jaa ^ j\ aL^L^ ^ iaLuLaaj^I ' 

jAaLidI uLjiLu ,,jaa 1 ja (ji .JJVjll Jaasa 

,2 Ja^HI ^ 

To facilitate comparison between steel strength, which is 
based on the most highly-stressed anchor, and concrete 
strength based on group behavior, the design is performed on 
the basis of the ratio of applied load to strength for the steel 
and concrete, respectively. Eor some structures, anchors 
provide the best locations for energy dissipation in the 
nonlinear range of response. The stretch length of the anchor 
affects the lateral displacement capacity of the structure and, 
therefore, that length needs to be sufficient such that the 
displacement associated with the design-basis earthquake 
can be achieved (EEMA P750). 

d^J aAaA jLaaAA ^Ajau 4^1 J Ja^aaaIj 

AAAAJ ^JaLaaI a J a . \l ^ja M a \1 ^JaLaaI AALAA,^kil 

(JtOxA At,UA.L\lA A^lAAjkllj (J^\ 

A 1 ■v'.. ..yt ^Uaj ^ ^Uall AaA^ jAAafii j^LaaaaII j2ja (d£lA^j 

a^I^Iaj aJSa^ ^IjVI djAA AAaaII Jjia jaj^ _AjLi-v\t 

Ada^jAll ^IjVl (JaI^ U^aoa duAkA Jjiall 

.(EEMA P750) jAA-^l 
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(v) Where connections are threaded and the ductile steel 
elements are not threaded over their entire length, the ratio of 
futJfyashdW not be less than 1.3 unless the threaded portions 
are upset. The upset portions shall not be included in the 
stretch length. 

(vi) Deformed reinforcing bars used as ductile steel elements 
to resist earthquake effects shall be limited to ASTM A615 
Grades 40 and 60 satisfying the requirements of 20.2.2.5(b) 
or ASTM A706 Grade 60. 

(b) The anchor or group of anchors shall be designed for the 
maximum tension that can be transmitted to the anchor or 
group of anchors based on the development of a ductile yield 
mechanism in the attachment in tension, flexure, shear, or 
bearing, or a combination of those conditions, and 
considering both material overstrength and strain hardening 
effects for the attachment. The anchor design tensile strength 
shall be calculated from 17.2.3.4.4. 

(c) The anchor or group of anchors shall be designed for the 
maximum tension that can be transmitted to the anchors by a 
non-yielding attachment. The anchor design tensile strength 
shall be calculated from 17.2.3.4.4. 

(d) The anchor or group of anchors shall be designed for the 
maximum tension obtained from design load combinations 
that include E, with E increased by flo. The anchor design 
tensile strength shall satisfy the tensile strength requirements 
of 17.2.3.4.4. 


AiajIjiLa (JJ^ Ladlfr ^5) 

CjjlS lit VI 1.3 Cfi-futalfya Vi Ifljla (jfft 

.JXull Jjla ^ ^Ij^VI JIAili ^ vi Aiajljlall 

^jV^ ^ A .1 A *j\-v ^WjjI b)i ^5) 

60j 40 biUjlUl ASTM A615 ^ Jljljh 
.60 ASTM A706 ji ( 4 *) 20.2.2.5 

d.^ jl jl jl >1^1 ^ 

JlxijbU Aj9Li^) dJbj ^ 

.17.2.3.4.4 u- jLoaaaU 4aajaa^! 1I) Iwiiil 4»ajlLa 

O'* ji jIawm (^) 

J^LAftll (j.a A.C.^_Ay^ jj jLftAlAll 
.17.2.3.4.4 0^ jLauiaU 4aaaa4^1I) hJiil] 

^Ull U*^ jj jLaum 

.12o E ^ (E ^lAj.a.wa'ill Ja^I JJ 

.II& .LaII 4ajHa iJjUlIallA jLaaaU AaAAAA^lI) 

.17.2.3.4.4 


COMMENTARY 

Observations from earthquakes indicate that the provision of 
a stretch length of eight anchor diameters results in good 
structural performance. Where the required stretch length is 
calculated, the relative stiffness of the connected elements 
needs to be considered. When an anchor is subject to load 
reversals, and its yielding length outside the concrete 
exceeds six anchor diameters, buckling of the anchor in 
compression is likely. Buckling can be restrained by placing 
the anchor in a tube. However, care must be taken that the 
tube does not share in resisting the tensile load assumed to 
act on the anchor. For anchor bolts that are not threaded over 
their length, it is important to ensure that yielding occurs 
over the unthreaded portion of the bolt within the stretch 
length prior to failure in the threads. This is accomplished by 
maintaining sufficient margin between the specified yield 
and ultimate strengths of the bolt. It should be noted that the 
available stretch length may be adversely influenced by 
construction techniques (for example, the addition of 
leveling nuts to the examples shown in Fig. R17.2.3.4.3) 

jUaii Jl.il.al (ji ^1 JjV^ll (biJAlAAll jaJIu 

dl£lj,a Jjia Jl& i^\ 

tj,a^l (iiLuliiijV jl-a.uu (jlajiLu Lajlc Jj;- "‘H 

^ 4 jIauiaII jUafil 4JU.uj^l ^jl^ Jjia JajJj 

^jla (jc ^luVI 0^ .lakball jLiuloII Jajj (ji 

^ u^^VI ^jlA.a ^J& ^joaj^l (iJllj .uj^VI jLoumII 
V ^^1 j^boLoll iajjl .jIawmII (3«aaj ^1 ^jlajlkoll jAll ^MajlXa 

^ j^l tiiJ^ (ji ^ Jillll -t^.gll ^ ^1 

.^Ij^l JAS bijJ^ JAaoII (Jjla (jA jjaaII 

A^l^ull djilij JJ^.a 1 | ^^^.JaAll (jM (Ali Jali^l 

bluj jjbj ^1 ^UaII JJ.ajll J^^la Q\ djlAVI jJ^J .jLouiaII 

4.^VI ^1 Aj^^muII ^blal tJlLoll Jj;‘ '■ tj^) (Jjbj^ 

(R17.2.3.4.3 . JS^I J 

In option (b), the anchor is designed for the tension force 
associated with the expected strength of the metal or similar 
material of the attachment. For option (b), as discussed in 
R17.2.3, care must be taken in design to consider the 
consequences of potential differences between the specified 
yield strength and the expected strength of the attachment. 
An example is 18.5.2.2 for the design of connections of 
intermediate precast walls where a connection not designed 
to yield should develop at least l.SSj’, where Sy is the 
nominal strength of the yielding element based on its 
specified yield strength. 

Aa^jIIaII ^.a^^AAb ^Ja^jAl jAll ^ 4 

^ La£ 4.jMulb .^jAl AljLo^a djLa jl ^JilaII Qa 

i^ljfr iji jialU jJ^I ‘17.2.3 ‘b.od^l 

Aa^jIaII djUlj dJJAAll ^^joia^l J \a 1 -v cjlA^U^VI 

aIaaia 18.5.2.2 <illj Jib. 

‘Syl.5 J^VI Jb^l i^jAj ^1 ui^l 

dJjA.All ^^^Aoa^l ^1 IjUIujI jo^laAl ‘bAAAVI a^^l Sy 

Similarly, steel design manuals require structural steel 
connections that are designated nonyielding and part of the 
seismic load path to have design strengths that exceed a 
multiple of the nominal strength. That multiple depends on a 
factor relating the likely actual to specified yield strength of 
the material and an additional factor exceeding unity to 
account for material strain hardening. For attachments of 
cold-formed steel or wood, similar principles should be used 
for determining the expected strength of the attachment in 
order to determine the required strength of the anchorage. 
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COMMENTARY 


Additional guidance on the use of options (a) through (d) is 
provided in the 2009 edition 

^ i^AU" jV.^ 1 Clib^ iJLdbj 

jjl&jj jLum I 4 IA 

Ja'^-v A\ ^Ua\l i^\£’ ^jlC’ .lajaj dJJa^ dj^) 

JsjIjj uLa^ 3.1^jll Jjlaaj (^LSa\ JaI£j »jIaU ^jLLd 

dL4AAll uiM^l ji AjaJIIj _<t jix^Vl 

^ ^JaU Aa^jIaI) djU) ^Iaa 

<-v*. ,il Ai^Ldl iIibLujI ^ Cj1!3a 1| tjlll JjJaJi 

j.lSa.Sn 0 - 2009 ^ J (j) (i) 0 - 

of the NEHRP Recommended Seismic Provisions for New 
Buildings and Other Structures (FEMA P750). The design of 
anchors in accordance with option (a) should be used only 
where the anchor yield behavior is well defined and where 
the interaction of the yielding anchor with other elements in 
the load path has been adequately addressed. For the design 
of anchors per option (b), the force associated with yield of a 
steel attachment, such as an angle, baseplate, or web tab, 
should be the expected strength, rather than the specified 
yield strength of the steel. Option (c) may apply to a variety 
of special cases, such as the design of sill bolts where the 
crushing of the wood limits the force that can be transferred 
to the bolt, or where the provisions of the American National 
Standards Institute/American Institute of Steel Construction 
(AISC) Code Seismic Provisions for Structural Steel 
Buildings (AISC 341) specify loads based on member 
strengths. 


FEMA ) JSU 4 IIJ sJjjaJl ^UaU NEHRP u- ■ 

Ia.Ij& laiS j^LaaII .(P750 

^ JaIjlIII ^ jLa4aa1I 

AjaaIIL ,Ja^I jLaA ^ jJJ^\ jA^Uxll ^ J&Uj 

Cj't-'A' A^IaOaII u' ‘(b) 

i djUj i ji i AJa^LJj jl jLa 

^jlLa ^ 

iJailAll A£,jj^ 

Iau^i jl jAl djill <.-uSt^.\) 

CjlpLuuVI O'* >a\) / 

(AISC 341) j&ljiil'jiau (AISC) 

.fLiafrVI ^jlLa Jalij flL jLft^VI 



(a) Anchor chair (b) Sleeve 

Fig, RI7,2,3,-t,3 Illustrations of stretch length. 
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17.2.3.4.4 The anchor design tensile strength for resisting 
earthquake forces shall be determined from consideration of 
(a) through (e) for the failure modes given in Table 17.3.1.1 
assuming the concrete is cracked unless it can be demonstrated 
that the concrete remains uncracked; 

(a) (^Nsa for a single anchor, or for the most highly stressed 
individual anchor in a group of anchors 

(b) 0.75(1) or 0.75(1) except that Neb or Ncbg need not be 
calculated where anchor reinforcement satisfying 17.4.2.9 is 
provided 

(c) 0.75(1) Apn for a single anchor, or for the most highly 
stressed individual anchor in a group of anchors 

(d) 0.75(1) A^sA or 0.75(l)AfsAg 

(e) 0.75(1)A^a or 0.75(1)A^ag 

where (j) is in accordance with 17.3.3. 

R17.2.3.4.4 The reduced anchor nominal tensile strengths 
associated with concrete failure modes is to account for 
increased cracking and spalling in the concrete resulting from 
seismic actions. Because seismic design generally assumes that 
all or portions of the structure are loaded beyond yield, it is 
likely that the concrete is cracked throughout for the purpose of 
determining the anchor strength. In locations where it can be 
demonstrated that the concrete does not crack, uncracked 
concrete may be assumed for determining the anchor strength as 
governed by concrete failure modes 

AuaujVI .1^1 4-4-3~17~3 

1 jlij .JJljljll JjLj jilt J (jiiiill aJljJ 

^ jl La JOS’ jjL (jV 

Jljja ^ t Ua-v*. 

17.3.1.1 J (Jfc) (i) UjUiil 0- 

AAaIum j^Lum j^V ji jI.a4.iia1 (|)^sh (^) 

j^LiaaI) 

Ncbg jWeb i 0.75(()A^cAor Q.75(^Ncbg ( 4 ') 

17.4.2.9 jLftAiiA j^jj ^ 

AjLuij^I <^1^1 4^LaVl .jIaaaaI) djfi Q^j^ 

jlA4AAlj dji J^ ^Luuj^l ^J^AJ ijMlSlj V 

^Luuj^l ^Luaji 

J jjSV j\ jUuiaI 0.75(()Ap« (j) 

Q.75(^Nsbor Q.75(^Nsbg (J) 
0.75(^Naor 0.75(^Nag (-») 
.17.3.3 If (() 


17.2.3.4.5 Where anchor reinforcement is provided in 
accordance with 17.4.2.9, no reduction in design tensile 
strength beyond that specified in 17.4.2.9 shall be required. 

R17.2.3.4.5 Where anchor reinforcement as defined in 17.4.2.9 
and 17.5.2.9 is used, with the properties as defined in 20.2.2.5, 
no separation of the potential breakout prism from the substrate 
is likely to occur provided the anchor reinforcement is designed 

V a7.4.2.9 CA-2 jiaj2 J 17.2.3.4.5 

for a load greater than the concrete breakout strength. 

^ AIjju ^ LaS JajjAll ^ Uilt 17V,Y,r,l,o 

j^ (j.a ( y * yO ^ i^^jju ^ ^ ^ v , o ^, h j 

^uLaj 0^ JaH^aII jL4.u1jV 1 Ji4^ JaH^aI) 

.^Li-uj^l dji 4j.a j^i Jja&a! jIaaaaI) 
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17.2.3.5 Requirements for shear loading 

iJjlAaJj <" 1 ! illn'i.fl 17.2.3.5 


COMMENTARY 

R17.2.3.5 Requirements for shear loading —Where the shear 
component of the earthquake force applied to the anchor 
exceeds 20 percent of the total anchor shear force, three 
options are recognized for determining the required shear 
strength to protect the anchor or group of anchors against 
premature shear failure. Option (a) of 17.2.3.4.3 is not 
available for shear because the cross section of the steel 
element of the anchor cannot be configured so that steel 
failure in shear provides any meaningful degree of ductility. 

gjil cjluUala R.5.17~28 

^ i jLauiaII ^ 

,AjIjV ^Uj 4| .iua jIauiaII ^ ji jLomiaI) 

^ jVjill jA rt'a , " ^jxll jiaLdl ijH (jAsih 17.2.3.4.3 (> (') 

LS^ 4u2kJ V jlAWAAlj 

Design of the anchor or group of anchors for the strength 
associated with force-limiting mechanisms under option (b), 
such as the bearing strength at holes in a steel attachment or 
the combined crushing and bearing strength for wood 
members, may be particularly relevant. Tests on typical 
anchor bolt connections for wood-framed shear walls 
(Fennel et al. 2009) showed that wood components attached 
to concrete with minimum edge distances exhibited ductile 
behavior. Wood “yield” (crushing) was the first limiting state 
and resulted in nail slippage in shear. 

djill (JA jI jiAJMA . 

iji Jla ‘(b) jUal ^ 

,‘Lt.dLk ‘LiaAI CjU ‘ly ‘■''1 ij£ jl 

jUaVl jIaj-jla 

4. j . u 4 k l) liUjlall (ji lijflai (Fennel et al. 2009) 

,^.41 iLli cjliluiA ijA ^ 

jLauia ^ 

Nail slippage combined with bolt bending provided the 
required ductility and toughness for the shear walls and 
limited the loads acting on the bolts. Procedures for defining 
bearing and shear limit states for connections to cold-formed 
steel are described in AISI SI00 and examples of strength 
calculations are provided in the AISI manual (AISI DlOO). 
In such cases, consideration should be given to whether 
exceedance of the bearing strength may lead to tearing and 
an unacceptable loss of connectivity. Where anchors are 
located far from edges it may not be possible to design such 
that anchor reinforcement controls the anchor strength. In 
such cases, anchors should be designed for overstrength in 
accordance with option (c). 

^ 

‘ ijiC’ J.>*j ‘ULuj 

AISI J4j sjill iiibLuti. yfft AJlai jjjjii jjjjj AISI SlOO Jjyi 
»ja jjLjj iJl Ui iiiVtaJl »j* ^ .((AISI DlOO 

ijjSj .Alkajll jji iIjAa u^\ iS^la 

^.41 iihj JLa .j... (jA (jjSj V 

JI4 ^ .^LuujVI iji 

,(^) jb4Al llsj dJbjl 
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17.2.3.5.1 Where the shear component of the strength level 
earthquake force applied to the anchor or group of anchors is 
equal to or less than 20 percent of the total factored anchor 
shear force associated with the same load combination, it 
shall be permitted to design the anchor or group of anchors to 
satisfy 17.5 and the shear strength requirements of 17.3.1.1. 

R17.2.3.5.1 The requirements of 17.2.3.5.3 need not apply 
where the applied earthquake shear force is a small fraction 
of the total factored shear force. 

Sja Ujift 17.2.3.5.3 V 1-5-3-2-17 

dja Qji \jJua 1^5^ 

4-ajlLa La-lJft 17.2.3.5.1 

20 0*^ (3^^ jIawi.4 ^ a 

^ jIaulaU 4_LaIj 

17.5 jl jLawIaII 

.17.3.1.1 0*^ ^jlLa iJjUlialLaj 


17.2.3.5.2 Where the shear component of the strengthlevel 
earthquake force applied to anchors exceeds 20 percent of 
the total factored anchor shear force associated with the same 
load combination, anchors and their attachments shall be 
designed in accordance with 17.2.3.5.3. The anchor design 
shear strength for resisting earthquake forces shall be 
determined in accordance with 17.5. 


17.2.3.5.2 

(JA ^ 20 J^UaaII 

>j A . iAMiij Ja^I Aji^jj ^ jLaaaaU d.^9U^All AaHII 

jIamiaU ^ .17.2.3.5.3 ^ j^LaaI) 

,17,5 J llaj Jljljll ^jHaI 
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17.2.3.5.3 Anchors and their attachments shall be designed 
using one of options (a) through (c): 

(a) The anchor or group of anchors shall be designed for 
the maximum shear that can be transmitted to the anchor or 
group of anchors based on the development of a ductile 
yield mechanism in the attachment in flexure, shear, or 
bearing, or a combination of those conditions, and 
considering both material overstrength and strain hardening 
effects in the attachment. 

(b) The anchor or group of anchors shall be designed for 
the maximum shear that can be transmitted to the anchors 
by a non-yielding attachment. 

(c) The anchor or group of anchors shall be designed for 
the maximum shear obtained from design load 
combinations that include E, with E increased by £2o. The 
anchor design shear strength shall satisfy the shear strength 
requirements of 17.3.1.1. 


^ 17.2.3.5.3 

^ jl ^ 

pUj j^LaaI) ^ ji jIaam 

ijA jI iJaa^I jI jl ^ ^jaII 

JlxijbU ^jUa (JA 

^ J^UaaII ^ A^tJA^ jI jIaaIA (v) 

(^_JA AIsaaI^ J^LaaI) (JA ^ ji jIa4Aa1| AHj (jSaJ 

(JA j^LaaII (JA A£-ja^ jI jLaaaa -j ‘ 

^ ^^AAAAaul\ Ja^I ^Ull 

fJjUtlaAA jIaaAaU AaAJA^^jII ^jHa ^jl4AJ .Ho 

!i7.3.1.1 -1^ 0^1 


17.2.3.5.4 Where anchor reinforcement is provided in 
accordance with 17.5.2.9, no reduction in design shear 
strength beyond that specified in 17.5.2.9 shall be required. 

f V a7.5.2.9 SjAill Ciij jUu^dl jAjl 4JU J 17.2.3.5.4 

Sja^aII Jaj La Aaaaaa^jI) ^ 

.17.5.2.9 


17.2.3.6 Single anchors or groups of anchors that are 
subjected to both tension and shear forces shall be designed 
to satisfy the requirements of 17.6, with the anchor design 
tensile strength calculated from 17.2.3.4.4. 

j^LaaI) A j| j^LaaaII .j a,17.2.3.6 

4a ^ ^17.6 Cjlaliala 4j a'.t (ja JSl 

,17.2.3.4.4 cH ^jaa^aI) jIaaaaU Aaajaa^jII aaII 

17.2.3.7 Anchor reinforcement used in structures assigned 
to SDC C, D, E, or F shall be deformed reinforcement and 
shall be limited to ASTM A615 Grades 40 and 60 
satisfying the requirements of 20.2.2.5(b) (i) and (ii) or 
ASTM A706 Grade 60. 

^ 4 ..A..A-V cIjIaaIaII 4a4^jaaa1| jLaaaaII ^laLaj ‘ ,'yj 17.2.3.7 
^ jASjii ui u>a1i 0- F ji E ji D ji SDC C 
cjlAlkiA 60 j 40 ‘:4L^jJill ASTM A615 ^IjaH 

ASTM A706 Grade 60 i (ii) j (b) (i) 20.2.2.5 


COMMENTARY 
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17.2.4 Adhesive anchors installed horizontally or upwardly 
inclined shall be qualified in accordance with ACl 355.4 
requirements for sensitivity to installation direction. 

ji t^i AjAaII (ji 17.2.4 

^ ,ii....yU 355.4 cjUUsIaI 

17.2.5 For adhesive anchors subjected to sustained tension 
loading, 17.3.1.2 shall be satisfied. For groups of adhesive 
anchors, Eq. (17.3.1.2) shall be satisfied for the anchor that 
resists the highest sustained tension load. Installer 
certification and inspection requirements for horizontal and 
upwardly inclined adhesive anchors subjected to sustained 
tension loading shall be in accordance with 17.8.2.2 through 
17.8.2.4. 

Xui 17.2.5 

(ja .17.3.1.2 4 llfij uJ^ 

AJja^ jIauiaII UJ^ 4*^ (17.3.1.2) 

QjSa Awl 

17.8.2.2 4 A^I JjaaII Aw^jxaII Aj^VIj ^Lai) AAa^^I 

.17.8.2.4 


COMMENTARY 

R17.2.4 ACI 355.4 includes optional tests to confirm the 
suitability of adhesive anchors for horizontal and upwardly 
inclined installations. 

j^Lwi.>ll tilljtj^l ACI 355.4 R17.2.4 

, I jjxwd J A^Sh diLwlall Alad^sUl 

R17.2.5 For adhesive anchors subjected to sustained tension 
loading, an additional calculation for the sustained portion of 
the factored load for a reduced bond resistance is required to 
account for possible bond strength reductions under sustained 
load. The resistance of adhesive anchors to sustained tension 
load is particularly dependent on correct installation, 
including hole cleaning, adhesive metering and mixing, and 
prevention of voids in the adhesive bond line (annular gap). In 
addition, care should be taken in the selection of the correct 
adhesive and bond strength for the expected on-site conditions 
such as the concrete condition during installation (dry or 
saturated, cold or hot), the drilling method used (rotary impact 
drill, rock drill, or core drill), and anticipated in-service 
temperature variations in the concrete. Installer certification 
and inspection requirements associated with the use of 
adhesive anchors for horizontal and upwardly inclined 
installations to resist sustained tension loads are addressed in 
17.8.2.2 through 17.8.2.4. 

(AwlU Aw^jxaI) Ajaw^Ij 2/17 j 28 

iajjl} 

•loilxj (JjLuaLi^l 

jLwU hJiil] j^LuaaI) ^jlLa 

^ ^ ^ 

Aiajljll ^ ililfijill 

^ Jajjllj 

jl JjL jl jl fUjl 

I A^LbuVl ji 

j^LulaII iJjlAlIaAAj clu^Ull ^ 

^ Akill dJjA4^l JLa^VI CjUaiaU 

.17.8.2.4 cP! 17.8.2.2 

Adhesive anchors are particularly sensitive to installation 
direction and loading type. Adhesive anchors installed 
overhead that resist sustained tension loads are of concern 
because previous applications of this type have led to failures. 
Other anchor types may be more appropriate for such cases. 
Where adhesive anchors are used in overhead applications 
subjected to sustained tension loading, it is essential to meet 
test requirements of ACI 355.4 for sensitivity to installation 
direction, use certified installers, and require special 
inspection. 

JAA9U .Jxa&aII ClU^I dl^V 

djjla Sj-aIwiaII hJiil] JLa^I AiimAll j^U.u.aI) 

LaAI^ jLawia 

(AwiII jjaUxMA Jj.A&^ ^.SLual^l (jjlLuiall) ^ 

CiIjAaI) dl^l A^Lui^ ACI 355.4 cjbllaiLa 

.U^L^ (d.lAijLAl) 
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17.2.6 Modification factor Im for lightweight concrete shall 
be taken as: 

Cast-in and undercut anchor concrete failure.l.Ok 

Expansion and adhesive anchor concrete failure.O.Sk 

Adhesive anchor bond failure per Eq. (17.4.5.2).0.6>. 

where k is determined in accordance with 19.2.4. It shall be 
permitted to use an alternative value of Im where tests have 
been performed and evaluated in accordance with ACI 355.2 
or ACI 355.4. 

R17.2.6 The number of tests available to establish the 
strength of anchors in lightweight concrete is limited. 
Lightweight concrete tests of cast-in headed studs indicate 
that the present reduction factor X adequately captures the 
influence of lightweight concrete (Shaikh and Yi 1985; 
Anderson and Meinheit 2005). Anchor manufacturer data 
developed for evaluation reports on both post-installed 
expansion and adhesive anchors indicate that a reduced X is 
needed to provide the necessary safety factor for the 

Aijii jih JjJxill J.alx.a 6 ' 4 *^ 17.2.6 

1 iO 4JL.U 4 ^ 4.41 cj 4^^.4 )LftA.4.4 

kO .6 .(17.4.5.2) (i-aV 

Xa aL.ij ^..4^ .19.2.4 X ^ 

.ACI 355.4 ji ACI 355.2 -1 tiljUjiVl ^^ 

respective design strength. ACI 355.2 and ACI 355.4 provide 
procedures whereby a specific value of kacan be used based 
on testing, assuming the lightweight concrete is similar to the 
reference test material. 

^ jiAul.all k.4jli.. R17.2.6 

klLui X J.4l£ ul\ 

jj4ij .(2005 il985 uLiill 

CjULLaHj ^ lAjjjiaj ^ 

j^\£. i4UA (ji iillj ^ ^ 

ACI 355.2 (> JS jjjj (JSj k^Lill Sjil (jUVl 

^IaVuuI ^ J^\ ACI 355.4 j 

d.^ta AjJij A.Li^ ^L.uj^} (jUa^Vl 

17.2.7 The values of fc' used for calculation purposes in this 
chapter shall not exceed 70 MPa for cast-in anchors, and 55 
MPa for post-installed anchors. Testing is required for post- 
installed anchors when used in concrete with fc' greater than 

55 MPa. 

R17.2.7 A limited number of tests of cast-in and 
postinstalled anchors in high-strength concrete (Primavera et 
al. 1997) indicate that the design procedures contained in this 
chapter become unconservative, particularly for cast-in 

^ ^ Vi 41 ^ 17.2.7 

Jil]VIPa 55 j ‘ ^ 70 

.MPa 55 fc’^ ^ 

anchors in concrete with compressive strengths in the range 
of 75 to 85 MPa. Until further tests are available, an upper 
limit on fc' of 70 MPa has been imposed in the design of 
cast-in anchors. This limitation is consistent with 22.5.3 and 
25.4.1.4. ACI 355.2 and ACI 355.4 do not require testing of 
post-installed anchors in concrete with fc' greater than 55 
MPa. Some post-installed expansion anchors may have 
difficulty expanding in very high-strength concretes and the 
bond strength of adhesive anchors may be negatively 
affected by very high-strength concrete. Therefore, fc' is 
limited to 55 MPa in the design of post-installed anchors 
unless testing is performed. 

AajLftllj AjjLftlj kjju/aAill (ja R17.2.7 

jji (1997 ‘ 1 Ji®'-4jjj) 4..4jli4l 4jLjijilt ^ 

jxilj.41 ^u.V'b 1 jjC, ^ ^ sJjljll -■.■‘^•■'1 

.MPa 85 u^\ 75 .A^lxJajl SjA LlL AJUj jiJl iLIJ 

^ 70 ^ (j\ (jl\ 

.25.4.1.4 j 22 . 5.3 ^ Ajj^^aII j^LaaaII 

AJL-ujiJi ^ Ai^i j^LaaIi jLiil ACI 355.4 j ACI 355.2 
i_-jxj jAiOjii a^Ijj ,55 MPa u*^ ' fc ^ 

j^LaaII dj 2 jjUj dj^l ^ ^ 

55 MPa fc to ,^j 1 ^a 1 i a^i& iILa a^a^^i 
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17.3—General requirements for strength of anchors 
17.3.1 Strength design of anchors shall be based either on 
computation using design models that satisfy the 
requirements of 17.3.2, or on test evaluation using the 5 
percent fractile of applicable test results for the following: 

(a) Steel strength of anchor in tension (17.4.1) 

(b) Concrete breakout strength of anchor in tension (17.4.2) 

(c) Pullout strength cast-in, post-installed expansion, or 
undercut anchor in tension (17.4.3) 

(d) Concrete side-face blowout strength of headed anchor in 
tension (17.4.4) 

(e) Bond strength of adhesive anchor in tension (17.4.5) 

(f) Steel strength of anchor in shear (17.5.1) 

(g) Concrete breakout strength of anchor in shear (17.5.2) 

(h) Concrete pryout strength of anchor in shear (17.5.3) In 
addition, anchors shall satisfy the required edge distances, 
spacings, and thicknesses to preclude splitting failure, as 
required in 17.7. 


I - 17.3 

Lai 17.3.1 

Ajmu jUjkVI ji 17.3.2 CjUllal.a ^^1 

La^ jlj^VI ^tjj (j.a Z5 

(17.4.1) (i) 

(17.4.2) jIauiaU (u) 

AjJIJjjVIj .1^1 ^ A 4.ajUa (^) 

(17.4.3) j4JI J 

JaaII ^ (jaI^I CjIj jIa^aaU jl^4jbU ^La^)^1 ^jHa (j) 

(17.4.4) 

(17.4.5) A^a^5UI j^LaaU ^jt^A (Jt) 

(17.5.1) jLaAaAll Jj.1^1 ^jHa (j) 

(17.5.2) jLaAAAil jjkbU 4 aLa^jIAa (g) 

iiiUj iji\ JiLJaVLj (17.5.3) 4ALAjaI! pryout ^jLLa (^) 

^lall CjlSLaAallj CjliUAAll (ji j^UaaII 

.\1.1 jA La£ jL^I (JA 


R17.3—General requirements for strength of 
anchors 

R17.3.1 This section provides requirements for establishing 
the strength of anchors in concrete. The various types of steel 
and concrete failure modes for anchors are shown in Fig. 
R17.3.1(a) and R17.3.1(b). Comprehensive discussions of 
anchor failure modes are included in Design of Fastenings in 
Concrete (1997), Fuchs et al. (1995), Eligehausen and 
Balogh (1995), and Cook et al. (1998). Tension failure 
modes related to concrete capacity include concrete breakout 
failure in 17.4.2 (applicable to all anchor types), pullout 
failure in 17.4.3 (applicable to cast-in anchors, post-installed 
expansion, and undercut anchors), side-face blowout failure 
in 17.4.4 (applicable to headed anchors), and bond failure in 
17.4.5 (applicable to adhesive anchors). Shear failure modes 
related to concrete capacity include concrete breakout failure 
and concrete pryout in 17.5.2 and 17.5.3, respectively 
(applicable to all anchor types). Any model that complies 
with the requirements of 17.3.1.3 and 17.3.2 can be used to 
establish the concrete-related strengths. Additionally, anchor 
tensile and shear strengths are limited by the minimum 
spacings and edge distances of 17.7 as required to preclude 
splitting. The design of post-installed anchors recognizes that 
the strength of anchors is sensitive to appropriate 
installation; installation requirements are included in 17.8. 
Some post-installed anchors are less sensitive to installation 
errors and tolerances. This is reflected in varied (|)-factors, 
given in 17.3.3, based on the assessment criteria of ACI 
355.2 and ACI 355.4 


I - R17.3 • 


17.3.1.1 The design of anchors shall be in accordance with 
Table 17.3.1.1. In addition, the design of anchors shall 
satisfy 17.2.3 for earthquake loading and 17.3.1.2 for 
adhesive anchors subject to sustained tensile loading. 

.17.3.1.1 j^LaaII (ji 17.3.1.1 

J ^JVjll JaasaU 17.2.3 -i j^uIaaaII -tjAxal iju (ji ^1 

^^aI^AaII .iUAiII d^A^^ Aa .>il-vU JJaUaAiW 17.3.1.2 


,Aj1aa^^4J1 ^j^IaaaII Aa^I&aI ^jaaaaIaI t**'! ULi*:^ *. ..all 17~3 

LUli ciliiA (R17.3.1 (b j (R17.3.1 (a 

Jajjll JJid (.^LauV ^ .j^LwiaU 

‘Fuchs et al. (1995) ‘(1997) 

.(Cook et al. (1998 j ‘(Balogh (1995 j Eligehausen 

^ ^jlLa Ali.^1 CjIJ Iwiiil 

17.4.3 cjIaaajVI t(j^UAAll (jJC' (jjJ^iiu) 17.4.2 

La ^ 4 J^Lwia^) 

17.4.5 t (j^UaaII ^ 17.4.4 

4JLmJ JaIwU .(AIa^V J^LaAaII 

J 17.5.2 Jiiilj ^^L-ujaJ! (jljjiVl 

(»!ikjAj! (jiAj .(JjIajjII (jic. jJaL) 17.5.3 

JaUj pLwuV 17.3.2 J 17.3.1.3 kliUliailA ^ 

^jlLa Jal^ ^LuaVL .^Lyuj^L 

,^Ua^V1 ^IaI u^^lixa jA LaS 17.7 ^IaaaIIj ^ja 

^.aIaa^ j^LaaI) Ciu^l j^Iaaa 

j^LaaI) .17.8 Cuj^l CjUIIsIa ^j^iAA^aj ^ ‘A^ljAlj 

JaIj^ ^ iillj Jfil ^JfyuA 

ACI j ACI 355.2 ‘17.3.3 (A 

.355.4 
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Table 17.3.1.1—Required strength of anchors, 
except as noted in 17.2.3 


17.2.3 Jjj !-» ‘Cjlkill SjAll - 17.3.1.1 JjJaJi 


Failure mode 

Single 

anchor 

Anchor groupP' 

Individual 

anchor in a 

gronp 

Anchors as 

a group 

Steel strength in 
tension (17.4.1) 


Wsb>N^, 


Concrete breakout strength in 
tension (17.4.2) 

^Ncb>N^ 


:bg — ^ja, g 

Pullout strength in tension 
(17.4.3) 

^Np„>N^a 

> JV„,i 


Concrete side-face blowout 
strength in tension (17.4.4) 



^t^sijg — ^ua,s 

Bond strength of adhesive 
anchor intension (17.4.5) 

<!>«.> 



Steel strength in shear 
(17.5.1) 




Concrete breakout strength in 
shear (17.5.2) 

Web > Ka 


^Vebg ^ ^ua,g 

Concrete pryout strength in 
shear (17.5.3) 



^Vepg ^ Kli7,g 


['^Required strengths for steel and pullout failure modes shall be calculated for the 
most highly stressed anchor in the group. 


JaL&jV 

^ rtfcjA-v A ^ jIaula 


Test procedures can also be used to determine the 
singleanchor breakout strength in tension and in shear. The 
test results, however, are required to be evaluated on a basis 
statistically equivalent to that used to select the values for the 
concrete breakout method considered to satisfy provisions of 
17.3.2. The basic strength cannot be taken greater than the 5 
percent fractile. The number of tests has to be sufficient for 
statistical validity and should be considered in the 
determination of the 5 percent fractile. 

J.4^1 ^ .1 <-v1.,il 

ijsl.^-vl JjUj ijlC’ ^ 

^ ^ ^ A ^-vl. .iaIi 

.AjAll ^ 5 AjaiLjiVI Sjill jijj (ji 0^^ .17.3.2 

^ i/yjj bSLS diljU^VI u'^ 

.AaaII ^ 5 jL^Vl 


Under combined tension and bending, individual anchors in 
a group are subjected to different magnitude tensile forces. 
Similarly, under combined shear and torsion, individual 
anchors in a group are subjected to different magnitude shear 
forces. Table 17.3.1.1 includes requirements to design single 
anchors and individual anchors in a group to safeguard 
against all potential failure modes. 


^jll ^ J^uLaaII 


A ^ j^uLaaI) 


A ^ j^uLaaIIj j^mLaaII AjAiA,*. aU'.A 17.3.1.1 

Ia'.-v aII Ja^I ^La^jI ^Ay (jA AjIa^AI 


For steel and pullout failure modes, the most highly stressed 
anchor in the group should be checked to ensure it has 
sufficient capacity to carry its required load, whereas for 
concrete breakout, the anchors should be checked as a group. 
Elastic analysis or plastic analysis of ductile anchors as 
described in 17.2.1 may be used to determine the loads 
carried by each anchor 


^ IjUj j,uLaa1| (jaa-vJi jV.^1 Ja^ ^uaV'Ij 

^ ^A-v Ja^AI (ji (jA aSIAU AfcjA-v A\ 

^jAaj .AfcjA-v A< j^LaaII Qa ^ji^Alj AjaaHIj 4Ai 

^ cijA^^ ^ LoA jaaIaaiaU .M at JaI^AII jI (jjaII JaI^AII *t .it 


jIaaaa JS I^Aasa JUa,Sn JjJaAl 17.2.1 
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M 

t 

IT 


a 


f/) Steel fariufe 


N 



(ii) Pullout 



(iii) Concrete breakout 


N N 

t 

(iv) Concrete spilling 




(a) tensile loading 



(Hi) Concrete breakout 

(b) shear loading 


CODE 

Fig. R17.3.1 —Failure modes for anchors. 

^Luaji - R17.3.1 

17.3.1.2 For the design of adhesive anchors to resist 
sustained tensions loads, in addition to 17.3.1.1, Eq. 
(17.3.1.2) shall be satisfied. 

17.3.1.2 

J (17.3.1.2) ‘ 17.3.1.1 i^\ 

Q.55(pNba>Niu,,s (17.3.1.2) 
where Nbais determined in accordance with 17.4.5.2 

17.4.5.2 -1 ^jNba 


COMMENTARY 


R17.3.1.2 The 0.55 factor used for the additional calculation 
for sustained loads is correlated with ACI 355.4 test 
requirements and provides satisfactory performance of 
adhesive anchors under sustained tension loads when used in 
accordance with ACI 355.4. Product evaluation according to 
ACI 355.4 is based on sustained tension loading being 
present for a minimum of 50 years at a standard temperature 
of 70°F and a minimum of 10 years at a temperature of 
110°F. For longer life spans (for example, greater than 50 
years) or higher temperatures, lower factors should be 
considered. 

uLwiaJI * ^-vl. ■< 0,55 ^ 17~11 

'f.ui jijjj ACI 355.4 ilibliaia ^ ^lill 

.ACI 355.4 dj.alwLall jLo^i 

dXftl ACI 355.4 ^ 

lOj 4.^jj 70 ^ ^ 50 V 

djjjiid 110 CjIjIwI 

djl^ 50 (Jl^l L5^) 

.Jdl dl&lJ.4 
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17.3.1.3 When both Nua and Vua are present, interaction 
effects shall be considered using an interaction expression 
that results in computation of strength in substantial 
agreement with results of comprehensive tests. This 
requirement shall be considered satisfied by 17.6. 

^ jJaill iVua jNiia (> JS jje 17.3.1.3 

^ ^ C-jL.il •\ -t j.y'i. 

.J7.6 —1 i.i'L't .4l.aL^I LjIjLI^VI 

17.3.2 The nominal strength for any anchor or group of 
anchors shall be based on design models that result in 
predictions of strength in substantial agreement with results 
of comprehensive tests. The materials used in the tests shall 
be compatible with the materials used in the structure. The 
nominal strength shall be based on the 5 percent fractile of 
the basic individual anchor strength. For nominal strengths 
related to concrete strength, modifications for size effects, 
the number of anchors, the effects of close spacing of 
anchors, proximity to edges, depth of the concrete member, 
eccentric loadings of anchor groups, and presence or absence 
of cracking shall be taken into account. Limits on edge 
distances and anchor spacing in the design models shall be 
consistent with the tests that verified the model. 

^ ^ ji jUftAjj-a 17.3.2 

^ ^ A j.y';. .AkaL^l CjIjLj^VI ^ 

4-ajlkAlj L)1 .L^lall ^ jJ A ^ LjljLdkVl 

AjMajlL .(JaImJaII jL^UJaII AjaajLjjVl Qji Z 5 (JaLaI 4.j.aujV1 

j4JLjjj^I 4-ajliAj AaamjVI 

(j^LaaU LjIALaaII (j^LaaII 

ijM ^jSja^I ^Ja&j (ciljiaVl (JA 

1^x9^ .(jLArjl) ji i j^LaaI) 

A^IjIa ^jLaj ^ j^LaaII LjIALaaII 

.^J^^aII) (ja CjljlAAkVl ^ 


COMMENTARY 

R17.3.1.3 and R17.3.2 Sections 17.3.1.3 and 17.3.2 
establish the performance factors for which anchor design 
models are required to be verified. Many possible design 
approaches exist and the user is always permitted to “design 
by test” using 17.3.2 as long as sufficient data are available 
to verify the model. The method for concrete breakout 
design included as “considered to satisfy” 17.3.2 was 
developed from the Concrete Capacity Design (CCD) 
Method (Fuchs et al. 1995; Eligehausen and Balogh 1995), 
which was an adaptation of the Kappa Method (Eligehausen 
et al. 2006a; Eligehausen and Euchs 1988) and is considered 
to be accurate, relatively easy to apply, and capable of 
extension to irregular layouts. The CCD Method predicts the 
strength of an anchor or group of anchors by using a basic 
equation for tension, or for shear for a single anchor in 
cracked concrete, and multiplied by factors that account for 
the number of anchors, edge distance, spacing, eccentricity, 
and absence of cracking. Experimental and numerical 
investigations have demonstrated the applicability of the 
CCD Method to adhesive anchors as well (Eligehausen et al. 
2006a). 

The breakout strength calculations are based on a model 
suggested in the Kappa Method. It is consistent with a 
breakout prism angle of approximately 35 degrees (Eig. 
R17.3.2aandb). 

J-ljft 17.3.2 j 17.3.1.3 R17.3.2 j R17.3.1.3 

C-J^LaI (JA JjJjlfl .jLoAAAlj ^JLaJ (JA 

"jUakVl CiUA-^ IajU * .iaU ^.ajajj 4a£aa1| ^aaa^II) 

^ Qa LjLI^ LaIUs 17.3.2 

IjA 17.3.2 Ci^ 4aLaj^I c3-A 

■CCD) (Fuchs et al. 1995) Sjja 

(-iiiSj Cn\s ((Balogh 1995 j Eligehausen 
Fuchs j Eligehausen 2006 ujJ^h (Kappa (Eligehausen 

j^j(1988 

ji djij CCD 

4.^L!11| 4^1^11 ^LuiaII 4 JaaljadL 

.(Eligehausen et al. 2006a) ^ CCD 

.Kappa aHwij 

j R17.3.2a .J^l) 35 ^ 

.(b 
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17.3.2.1 The effect of reinforcement provided to restrain the 
concrete breakout shall be permitted to be included in the 
design models used to satisfy 17.3.2. Where anchor 
reinforcement is provided in accordance with 17.4.2.9 and 
17.5.2.9, calculation of the concrete breakout strength in 
accordance with 17.4.2 and 17.5.2 is not required. 

R17.3.2.1 The addition of reinforcement in the direction 
of the load to restrain concrete breakout can greatly enhance 
the strength and deformation capacity of the anchor 
connection. Such enhancement is practical with cast-in 
anchors such as those used in precast sections. 

CEB (1994, 1997), Klingner et al. (1982), ACI 349, and 

^ 17.3.2.1 

^ .17.3.2 

Liaj AJUu jsM A-ajlla uLuA (j\1 417.5,2.9 J 17.4.2.9 

17.5.2 J 17.4.2 -1 

Eligehausen et al. (2006b) provide information regarding the 
effect of reinforcement on the behavior of anchors. The 
effect of reinforcement is not included in the ACI 355.2 and 
ACI 355.4 anchor acceptance tests or in the concrete 
breakout calculation method of 17.4.2 and 17.5.2. The 
beneficial effect of supplementary reinforcement is 
recognized by the Condition A (jj-factors in 17.3.3. Anchor 
reinforcement may be provided instead of calculating 
breakout strength using the provisions of Chapter 25 in 
conjunction with 17.4.2.9 and 17.5.2.9. The breakout 
strength of an unreinforced connection can be taken as an 
indication of the load at which significant cracking will 
occur. Such cracking can represent a serviceability problem 
if not controlled (refer to R 17.5.2.1). 

jilt Jljii,l ^ ^ 3il4a! R17.3.2.1 

^ ^ A .1 ^ 

j ‘ ACI 349 ‘Klingner et al. (1982) ‘1997) ‘CEB (1994 
ijk. jiAaUI tjUiu fujSj (Eligehausen et al. (2006b 

jIaaAA ^ jblj ^ V 

jIjaaj J ji ACI 355.4 j ACI 355.2 

J5U. 0- juIauU jiUll jbbll ijc. (Jj£lll ^ .17.5.2 j 17.4.2 

djfi ujLua jjjAj .17.3.3 A 

.17.5.2.9 j 17.4.2.9 ^ 25 

A^l^l ^ IIa (jLa 

.(R17.5.2.1 5^0) ^ ^ 
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17.3.2.2 For anchors with diameters not exceeding 100 mm., 
the concrete breakout strength requirements shall be 
considered satisfied by the design procedure of 17.4.2 and 
17.5.2. 

‘ mm 100 o® 1*jUasi "il 17.3.2.2 

^ 4^1 jld .->1 al.i'.A jLj&I 

.17.5.2 j 17.4.2 


17.3.2.3 For adhesive anchors with embedment depths 4 da < 
ef< lOda, the bond strength requirements shall be considered 
atisfied by the design procedure of 17.4.5. 

‘4c/a< ef< 20da t>“J^ (jUfti dllj 'tikaiUl j^L.a.dl 17.3.2.3 

.17.4.5 


COMMENTARY 

R17.3.2.2 The limitation on anchor diameter is based on the 
current range of test data. In the 2002 through 2008 editions 
of the Code, there were limitations on the diameter and 
embedment of anchors to compute the concrete breakout 
strength. These limitations were necessitated by the lack of 
test results on anchors with diameters larger than 50 mm. and 
embedment lengths longer than 600 mm. In 2011, limitations 
on anchor diameter and embedment length were revised to 
limit the diameter to 4 in. based on the results of tension and 
shear tests on large-diameter anchors with deep embedments 
(Lee et al. 2007, 2010). These tests included 105 mm. 
diameter anchors embedded 1.15 m. in tension tests and 90 
mm. diameter anchors in shear tests. The reason for this 50 
mm. diameter limit is that the largest diameter anchor in 
ASTM F1554 is 50 mm., whereas other ASTM 
specifications permit up to 100 mm. diameter anchors that 
have not been tested to ensure applicability of the 17.4.2 and 
17.5.2 concrete breakout provisions. 

jIauiaI) jiafi ^*'^“<j3 17 2 2 2 

Cjlis 0- 2008 2002 u- 

jlaA iilUA 

jUafib ‘ 

‘2011 .mm 600 (> JljJaij 50 mm 6^ 

50 mm IJ^\ jiaih (> -laJl jjill Jjlaj jUuiAh jiaa Ijk- JjJxj 

^ jia^l CjIj A4i.ll IjUIuuI 

mm 105 ‘;^4 a4i 2010). ‘ (Lee et al. 2007^^^^ lajlj- 

lAjiafi ^LajjI j^L4A.aj ^ m 1.15 ' ^ ^jAA^aA jiaL 

50 mm .0^1 mm 90 

ai^ ‘ mm 100 ASTM F1554 jIaaaa ja 

jd jiaill .jA 100 mm Lu ASTM cjliual^ jaaaj 

(jljjil 2. .17.5j 17.4.2 tjl.AJa.' lAjbjil ^ 


R17.3.2.3 ACI 355.4 limits the embedment depth of 
adhesive anchors to 4 da < hef < 20</fl, which represents the 
theoretical limits of the bond model (Eligehausen et al. 
2006a). 

^5Ul j^LaaU 2;Ua:vi (iAft ACI 355.4 JJauRl7.3.2.3 
4da < hef < 20da 

(Eligehausen et al. 2006a). j AjjJajli jjAaJi Juu 
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17.3.3 Strength reduction factor 4) for anchors in concrete 
shall be as follows when the load combinations of 5.3 are 
used; 

(a) Anchor governed by strength of a ductile steel element 

(i) Tension loads.0.75 

(ii) Shear loads.0.65 

(b) Anchor governed by strength of a brittle steel element 

(i) Tension loads.0.65 

(ii) Shear loads.0.60 

(c) Anchor governed by concrete breakout, side-face 
blowout, pullout, or pryout strength Condition A ConditionB 

(i) Shear loads.0.75 

(ii) Tension loads.0.70 

Cast-in headed studs, headed bolts, or hooked bolts. 

0.75 

Post-installed anchors with category as determined from ACI 

355.2 or ACI 355.4.0.70 

Category 1.0.75 

(Low sensitivity to installation and high eliability).0.65 

Category 2.0.65 

(Medium sensitivity to installation and medium 

reliability).0.55 

Category 3.0.55 

(High sensitivity to installation and lower 
reliability).0.45 

Condition A applies where supplementary reinforcement is 
present except for pullout and pryout strengths. 

Condition B applies where supplementary reinforcement is 
not present, and for pullout or pryout strength. 

RI7.3.3 The (|)-factors for steel strength are based on using 
futa to determine the nominal strength of the anchor (refer to 
17.4.1 and 17.5.1) rather than fya, as used in the design of 
reinforced concrete members. 

futa Cajla.0 (p -3 J 3 J 3 

tA ‘fya (>» V .ij (17.5.1 j 17.4.1 j) Ci^VI 

Although the (j)-factors for use with futa appear low, they 
result in a level of safety consistent with the use of higher (|)- 
factors applied to fya. 

tjUVl jfiM yi gjlij , j^Jaj i^Jl)f„a J-a p.A'u...,') cj) Jiti. 

fya (jalaa c|) p).\Vuj) ^ clullll 

The smaller (j)-factors for shear than for tension do not 
reflect basic material differences but rather account for the 
possibility of a non-uniform distribution of shear in 
connections with multiple anchors. 

iiiilifaia ji-aaVl j^Jaj V .tk»lx.a (j) (>» l^ji (jlft 

^ Jj ^ A^LujVI 

It is acceptable to have a ductile failure of a steel element in 
the attachment if the attachment is designed so that it will 
undergo ductile yielding at a load level corresponding to 
anchor forces no greater than the minimum design strength 

^ (|) A-ajHaII V^17/3/3 

:5.3 

jLawM 

0.75.JL^ia) 

0.65.0^1 (2) 

jl.Awl.4 

0.65.JL^Kl) 

0.60.0^1 (2) 

jIawm 

pryout ji iul^A.ujVl 

0.75.(1) 

0.70.J>-*^i(2) 

CjU jl ^ 

0.70 ... 0.75 . 

ACI 355.4ji ACI 355.2 c>> 'tiL ciujlul) 

0.75.1 

n 4j 4.4 4 ill 

0.65.2 

n 41aI| A^ 4j 4 c.u£ ull AJa^t ioa 

0.55.3 

n 4^ 4J 4.4 4 Aja.uL.4^^ 

j UI&A.UJV1 A..4jli.4 ^LJal A 

pryout. 

jl A..4jliAlj (^L4al ^uLuj V B 

pryout 

of the anchors specified in 17.2.3 (refer to 17.2.3.4.3 and 
17.2.3.5.3). 

^ IjI ^J. 4 II ^ SUA ^ 

.(17.2.3.5.3 J 17.2.3.4.3 .17.2.3 J 


371 






































CODE 

JjSll 


COMMENTARY 

Even though the (()-factor for structural plain concrete is 
0.60, the basic factor for brittle concrete failures (4) = 0.70) 
was chosen based on results of probabilistic studies (Farrow 
and Klingner 1995) that indicated the use of the (jj-factor for 
structural plain concrete with mean values of 
concretecontrolled failures produced adequate safety levels. 
Because the nominal resistance expressions used in this 
chapter and in the test requirements are based on the 5 
percent fractiles, the 4> = 0.60 

^ ^0.60 3^ AjLuj(|) ^j.a ^ 

(jJft f.Uj ((j) = 0.70) (J.aLxJl jUiil 

cjjLii (Farrow and Klingner 1995) cjLjiIjjII juLij 

CjljjluM ^ ^ AJaA^jlal) 

fjjtdlialA ^ ^ A .1 At! aUaujVI (jV 

0.60 = (|) u)® ‘ 6^ ^5 jbjiVl 

value would be overly conservative. Comparison with other 
design procedures and probabilistic studies (Farrow and 
Klingner 1995) indicated that the choice of (|) = 0.70 was 
justified. Applications with supplementary reinforcement 
(Condition A) provide more deformation capacity, 
permitting the ())-factors to be increased. The value of (|) = 
0.75 

^ AjjHaII CjjIaaI .1^^ 

jbiil (ji (Farrow and Klingner 1995) cjLuiljjllj 

(A ^t^l) j2jj .djj^ La Al (|) = 0.70 

(|) = 0.75 ^La^ ,(|) J.alj& La.a djJA 


is compatible with the level of safety for shear failures in 
concrete beams, and has been recommended in the PCI 
Design Handbook (MNF 120) and by ACI 349. For anchors 
governed by the more brittle concrete breakout or blowout 
failure, two conditions are recognized. If supplementary 
reinforcement is present (Condition A), 

Aua^jaII ^ d^).a£lj ^ Ja^ ^jlwaa ^ 

j"Laa»11 a,^L .ACI 349 j (PCI (^NL 120 ^ l^j 

^ Ja^A jI 4.aaL^ J^Vl jAaj£ ^Aa^^i^Aal) 

^(A ^t^j) ^La<';\i ^jIaaII) IjI .^j^jaa 


greater deformation capacity is provided than in the case 
where such supplementary reinforcement is not present 
(Condition B). 

An explicit design of supplementary reinforcement is not 
required. However, the arrangement of supplementary 
reinforcement should generally conform to that of the anchor 
reinforcement shown in Fig. R17.4.2.9 and R17.5.2.9b. Full 
development is not required. 

The strength reduction factors for anchor reinforcement are 
given in 17.4.2.9 and 17.5.2.9. 


JLa ^ jlk La& ajA^tli (jA jJA ^ 

.(B ^L^l) 

^^la.a£jll ^jIaauU 

^ jIauiaII ^caIaaj ^ La^^A& 

fajjii fai .3jjlJxa cjaaJ Jialill .R17.5.2.9b j R17.4.2.9 

17.5.2.9 J 17.4.2.9 jUiAAdl juLau A^jlia (j bdk'i JaIjC 
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The ACI 355.2 tests for sensitivity to installation procedures 
determine the reliability category appropriate for a particular 
expansion or undercut anchoring device. In the ACI 355.2 
tests for expansion and undercut anchors, the effects of 
variability in anchor torque during installation, tolerance on 
drilled hole size, and energy level used in setting anchors are 
considered; for expansion and undercut anchors approved for 
use in cracked concrete, increased crack widths are 
considered. ACI 355.4 tests for sensitivity for installation 
procedures determine the category for a particular adhesive 
anchor system considering the influence of adhesive mixing 
and the influence of hole cleaning in dry, saturated, and 
water-filled/underwater bore holes. The three categories of 
acceptable post-installed anchors are; 

Category 1 —low sensitivity to installation and high 
reliability 

Category 2—medium sensitivity to installation and medium 
reliability 

Category 3 —high sensitivity to installation and lower 
reliability The strengths of anchors under shear loads are not 
as sensitive to installation errors and tolerances. Therefore, 
for shear calculations of all anchors, (|) = 0.75 for Condition 
A and (|) = 0.70 for Condition B. 

,ii ■ i 355.2 



till j ACI 355.2 jbii.'i!! 



tjLdI Jajj U ^ «l ■ .i-v" ACI 355.4 



.B (|) = 0.70 J A 
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17.4—Design requirements for tensiie ioading 

17.4.1 Steel strength of anchor in tension 

17.4.1.1 The nominal strength of an anchor in tension as 
governed by the steel, Nm, shall be evaluated by calculations 
based on the properties of the anchor material and the 
physical dimensions of the anchor. 

~ 1.7 4 

^ jIawiaU 17.4.1 

1 -^^ jIamIaU 17.4.1.1 

JIxjVIj jLawiaII dJLa lAJSU cliLLwi^ ( JYsa ^ 


17.4.1.2 The nominal strength of an anchor in tension, Nsa, 

shall not exceed 

JVsa = Ase.Nfuta (17.4.1.2) 

where Ase,N is the effective cross-sectional area of an anchor 
in tension, in. 2 , and futa shall not be taken greater than the 
smaller of \3fya and 680 MPa. 

JSfsa jIauiaII AaaajVI Vi 17.4.1.2 

Nsa = Ase.Nfuta (17.4.1.2) 

( in.2 (J^amiaU Ailxil) A.^LaaI1 Ase,N 

MPa 680 j \.9fya u-* j*-^i Cy* d 


COMMENTARY 

R17.4—Design requirements for tensiie ioading 
R17.4.1 Steel strength of anchor in tension 
R17.4.1.2 The nominal strength of anchors in tension is best 
represented as a function of futa rather than fya because the 
large majority of anchor materials do not exhibit a 
welldefmed yield point. The AISC has based tension strength 
of anchors on Ase,N futa since the 1986 edition of their 
specifications. The use of Eq. (17.4.1.2) with 5.3 load factors 
and the 4)-factors of 17.3.3 give design strengths consistent 
with AISC 360. 


R17.4 

jIaaaaU R.17.4.1 

Ai^j A^IxaI) ^^^IaaaU AaaajVI *** 1~2~1~17~4 

V j^LaaII jI^jaII (ja £jV fya U*^ futa 41 4J1JS 

J As6 djfi AISC 4Jaij 

5^ (17.4.1.2) .14211.^1 ja> , y > 1986 '^*4“ N futa 

^ Aialjla lalll j_,la!Li of 17.3.3 5.3 

.AISC 360 


The limitation of 1.9fyaon futa is to ensure that, under service 
load conditions, the anchor does not exceed fya. The limit on 
futa of 1.9fya was determined by converting the LRFD 
provisions to corresponding service level conditions. For 5.3, 
the average load factor of 1.4 (from 1.2D + 1.6L) divided by 
the highest (|)-factor (0.75 for tension) results in a limit of 
futa/fya of 1.4/0.75 = 1.87. Although not a concern for 
standard structural steel anchors (maximum value of futa/fya 
is 1.6 for ASTM A307), the limitation is applicable to some 
stainless steels. 

i3_ajill JjAij tijjla Jla ^ iJSlUl jA futa (j^l-9fya (>> 
oel.9fya (> futa 4!'^ (4 .Fya 

tjla *5.3 ^^\ Lijjla Jll LRFD 

J.al* tijJjAa (1.2D + 1.6L) 1.4 JjUji Jtuijla 

.1.87 = 0.75 / 1.4 0- futa / fya u- ^ (jAU 0.75) 

Jail jAII 0)2 ‘(ASTM A307 4 1.6 > futa / fya ^ 

.0'^" ij^ 

For post-installed anchors having a reduced cross-sectional 
area anywhere along the anchor length, such as wedge-type 
anchors, the effective cross-sectional area of the anchor 
should be provided by the manufacturer. For threaded rods 
and headed bolts, ASME B1.1 defines Ase,N as 
where nt is the number of threads per mm. 

A .>ia-v*A Aiiala ^ A24AI j^LuloH AjaAIIj 

‘.‘yj ‘^.>1) ^.>4j (^a j^LuloII ijiji 4jt4.a ^ 

.4.{i.u/aA\) ^ fjA ^Ui ^lAa Aiiala 

N as ‘Ase ASME Bl.l j^Ljuaj JAjLdl 
.mm j4l bitj4j.a jjc jA nt ‘4;^ 


A .= - 

■^se.N . 


( 


f- 


0.9743 
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17.4.2 Concrete breakout strength of anchor in tension 

17.4.2.1 The nominal concrete breakout strength in tension, 
Neb of a single anchor or Nchg of a group of anchors, shall not 
exceed; 

(a) For a single anchor 

17.4.2 

i_^Ncb AjauiVI (jljjiVI 4*^ 17.4.2.1 

: j^LA»h ^ l\lcbg ji 

jIauLaI 


(17.4.2.1a) 

(b) For a group of anchors 

(17.4.2.1b) 

^Nco 


Factors \^ec,N, \^ed,N, i|/c,A', and v|/cp,A' are defined in 17.4.2.4, 
17.4.2.5, 17.4.2.6, and 17.4.2.7, respectively. Anc is the 
projected concrete failure area of a single anchor or group of 
anchors that shall be approximated as the base of the 
rectilinear geometrical figure that results from projecting the 
failure surface outward \. 5 hef from the centerlines of the 
anchor, or in the case of a group of anchors, from a line 
through a row of adjacent anchors. Anc shall not exceed 
hAnco, where n is the number of anchors in the group that 
resist tension. Anco is the projected concrete failure area of a 
single anchor with an edge distance equal to or greater than 

l.Shef 

ANco=9hef2(nA.2Ac) 

J 17.4.2.4 yifcp,N J tl/ec.A', \ffed,N, V|/c,iV, CjiLlUAll UJJJXJ (UJ 
jl^i ^La, Je. 17.4.2.7 j 17.4.2.6 j 17.4.2.5 

j^LaaII (ja jI jIaaaaI Ajk^jIaII 

^4ll ^iaAaaaII ^1' (JS.tiU 

(JA iJ^lALAlj (JA 4£^^A^A f\ t jIaaLaU ^JaI) lajlsk (JA \,5hef jl4A^ 
hAnco '■Anc VI .i jjt^-All j^LaiaII ija t J5t4 Jak 

jU^I 4 .^Laa ^jXAnco .4aa1| ^^1 4£^^a^a1| ^ j^LaaII jA n 

Qa j^I jI ^.^Laa 421^1 4£Laa ^ 4^lj jIaaaaI 4jl2jja1| 4jIajj41| 

l.Shef 

Anco= 9hef2{ll A.l.lc) 


COMMENTARY 


R17.4.2 Concrete breakout strength of anchor in tension 

R17.4.2.1 The effects of multiple anchors, spacing of 
anchors, and edge distance on the nominal concrete breakout 
strength in tension are included by applying the modification 
factors Ajvc/Avco and vj/ed.A'in Eq. (17.4.2.1a) and (17.4.2.1b). 
Figure R17.4.2.1(a) shows Anco and the development of Eq. 
(17.4.2.1c). Avcois the maximum projected area for a single 
anchor. Eigure R17.4.2.1(b) shows examples of the projected 
areas for various single-anchor and multipleanchor 
arrangements. Because Anc is the total projected area for a 
group of anchors, and Anco is the area for a single anchor, 
there is no need to include n, the number of anchors, in Eq. 
(17.4.2.1a) or (17.4.2.1b). If anchor groups are positioned in 
such a way that their projected areas overlap, the value of 
Avc is required to be reduced accordingly. 

,1^1 ^ jLaalaU 4JIajj41I ^Ija4I ^ma^Iaa R17.4.2 

4.3LaAJ 4 J^IalaII (JA 44Laa1|j idJJXAAll j^LaaU jIjI 4AJJ 1-2-17~4 
Jj.i*a1I JaIjc (Jjulaj J5t4 ^ JaiII ^ AaaaiVI ^j41I ^JlC■ 

.(bl7.4.2.1) J (N in Eq. (17.4.2.1a j v|/ed j ANC / ANCO 
c). 17.4.2.1) caa^j anco (') 1-2-4-11 JiAll 

J&AaII . 9.1^1 J jLaaIaI AaSjIaII 4.^1a1a1| fjk ANCO 

^4^^l CjI^jaII t 4jl2j1a1| ^JIsUaII 4.^1 ^u) 4.1.4.2.1 

.4^ ^La^VI 4t-a..iA\t ^LaaII (jk ANC CH .^I41.>a1| 

4.^1^ iilUA 4d.^lj jIaaIaI 441^141 ijtb ANCO J ^ J^UaaII (JA 
f‘ IJI .(bl7.4.2.1) ji (Eq. (17.4.2.1a J ‘ ji-l-A-ll JJft ‘n oi^ 

JaI^ ^ 44jl2j1a 1| aW * A A^jlaj AIajaII ^4aj 

ila J anc ^ 
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The critical edge distance for headed 
studs, headed bolts, expansion anchors, 
and undercut anchors is 1.5Aief 




1.5/j 


1.5/j 





= (2x1.5/lef) X (2 X 1.5/7ef) = 9/7,,2 


Anc = (Ca1 + Si + 1.5M(Ca2 + Sj + 1.5/?,,) 
if Cai and 0,2 < 1-5/7,, 
and Si and S 2 < 3/7,, 


(aj 




Fig. RI 7.4.2. /—fa,/ Calculation of Anco (b) calculation of hfi^for single anchors and groups of anchors. 


376 




































































CODE 

JjSJl 

17.4.2.2 The basic concrete breakout strength of a single 
anchor in tension in cracked concrete, Nb, shall not exceed 
Nh= kchi_ cf hef 1.5 {11.4.2.23.) 
where kc = 24 for cast-in anchors and 17 for post-installed 
anchors. 

The value of kc for post-installed anchors shall be permitted 
to be increased above 17 based on ACI 355.2 or ACI 355.4 
product-specific tests, but shall not exceed 24. Alternatively, 
for cast-in headed studs and headed bolts with 11 in. < hef< 
25 in., Nb shall not exceed 

= (17.4.2.2a) 

17.4.2.2 

Nt=kcK^'k/-^ (17.4.2.2a) 

17j = 24 

fLL 17 jsj j^IaaaU kc ^Ia4aI) 

Vi u^j ACI 355.4 ji ACI 355.2 

^ j^IaaaU AjaaIIL (iillj .24 

iiliU j^Laaa^ 

jjLaJL Vi Nb 41 in. < hef< 25 in. 

= (17.4.2.2a) 


COMMENTARY 


R17.4.2.2 The equation for the basic concrete breakout 
strength was derived (Fuchs et al. 1995; Eligehausen and 
Balogh 1995; Eligehausen and Euchs 1988; CEB 1994) 
assuming a concrete failure prism with an angle of 
approximately 35 degrees, considering fracture mechanics 
concepts. 

Fnchs et) 4jLjjilt (jljlil 5ja ^jlx.a R17.4.2.2 

j Eligehansen ^ Balogh 1995 j Eligehausen s al. 1995 
35 J4i j>ila (j^ljjab (CEB 1994 s Fuchs 1988 

-ISjlKj .U jL2&Vl ^ ^ 4 

The values of kc in Eq. (17.4.2.2a) were determined from a 
large database of test results in uncracked concrete (Euchs et 
al. 1995) at the 5 percent fractile. The values were adjusted 
to corresponding kc values for cracked concrete (Eligehausen 
and Balogh 1995; Goto 1971). 

juUij ijA i sjftli ijA ^ (i Eq. (17.4.2.2 kc 
5 (1995 uJJ^h Fuchs) (JjUajili ^ jLliVl 

4 aa.ti.tt ^ J^ 4 xj ^ ,Cjllj.a 2 ll Qm 4 . 1.11 ^ 

.(Goto 1971 ‘Balogh 1995 j Eligehausen) 


Tests have shown that the values of kc applicable to adhesive 
anchors are approximately equal to those derived for 
expansion anchors (Eligehausen et al. 2006a; Zhang et al. 
2001). Higher kc values for post installed anchors may be 
permitted, provided they have been determined from testing 
in accordance with ACI 355.2 or ACI 355.4. 

4.l4^^l j^LumII ^ 

Eligehausen et) 4Aj..jjl.dl j^L..4..1l qa 4i^u^l 

kc ^UuJl fu ja .(Zhang et al. 2001 ^al. 2006a 
ACI 4 (JA ^ 41jLdl 

.ACI 355.4 ji 355.2 

Eor anchors with a deeper embedment (hef> 280 mm.), test 
evidence indicates the use of hef i.s can be overly 
conservative for some cases. An alternative expression (Eq. 
(17.4.2.2b)) is provided using hef s/3 for evaluation of cast-in 
headed studs and headed bolts with mm. < hef< 635 mm. 
This expression can also be appropriate for some undercut 
postinstalled anchors. 


jU^VI ‘(mm hcf> 280) jjill ciilj 

^ 'l4.1 -v A 1.5 ^..>^1 4 Aja\l *t ‘-v^. .il u'l 

hef (at^ku.lj ((hi7.4.2.2) Jji*-4l) JjJj jj^ ^ 

280 Cj|j ^.^ia j^Lmaj 4^i^l ^ 

tiiajjl (jifcJ lluiLia lj* .mm hef <635 > .mm 

,J^Lw4a1| ‘“'JJ 


However, for such anchors, the use of Eq. (17.4.2.2b) should 
be justified by test results in accordance with 17.3.2. 
Experimental and numerical investigation indicate that Eq. 
(17.4.2.2b) may be unconservative for hef> 635 mm. where 
bearing pressure on the anchor head is at or near the limit 
permitted by Eq. (17.4.3.4) (Ozbolt et al. 2007). 


(hi 7.4.2.2) .JjU-all 4j^L.444.all 4iiUj 

o' (J^! 4.4 jIjJ .17.3.2 j'jia.Vl gjUu Jjjla Cjp- 

hef> > 635 mm 4 liluiUl. js (bl7.4.2.2) 

4 j ^^^A 444 a 1 | 4^1 ^ jl jL. 4 . 44 .dl ^aauja UJ^ 

.(Eq. (17.4.3.4) (Ozbolt et al. 2007 
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17.4.2.3 Where anchors are located less than \. 5 hef from 
three or more edges, the value of hefused for the calculation 
of Anc in accordance with 17.4.2.1, as well as for the 
equations in 17.4.2.1 through 17.4.2.5, shall be the larger of 
(ca,max)/1.5 and s/3, where s is the maximum spacing between 
anchors within the group. 

ijjSi ji Lilja. ^ l.Shef 0^ Jai liiLS |jj 17.4.2.3 

i 17.4.2.1 4 Anc ‘ ‘ ^ ^ ■< A A A ^ta 

s/3 j {ca,nax)ll.5 o- ‘ 17.4.2.5 17.4.2.1 J ciVaU-il 


R17.4.2.3 For anchors located less than l.S/ic/from three or 
more edges, the tensile breakout strength calculated by the 
CCD Method (refer to R17.3.2), which is the basis for the 
equations in 17.4.2.1 through 17.4.2.5, gives overly 
conservative results (Lutz 1995). This occurs because the 
ordinary definitions of AncIAnco do not correctly reflect the 
edge effects. This problem is corrected by limiting the value 
of hef used in the equations in 17.4.2.1 through 17.4.2.5 to 
{Ca,max )/1.5, where Ca,max is the largest of the influencing edge 
distances that are less than or equal to the actual l.Shef. In no 
case should {ca,max)l\.5 be taken less than one-third of the 
maximum spacing between anchors within the group. The 
limit on hef of at least one-third of the maximum spacing 
between anchors within the group prevents the use of a 
calculated strength based on individual breakout prisms for a 
group anchor configuration.This approach is illustrated in 
Fig. R17.4.2.3. In this example, the proposed limit on the 
value of hef to be used in the computations where hef = 
{ca,max)l\.5, results in hef= h'ef= 100 mm. For this example, 
this would be the proper value to be used for hef in 
computing the resistance even if the actual embedment depth 
is larger.The requirement of 17.4.2.3 may be visualized by 
moving the actual concrete breakout surface, which 
originates at the actual hef, toward the surface of the concrete 
parallel to the applied tension load. The value of hef used in 
equations in 17.4.2.1 through 17.4.2.5 is determined when 
either: (a) the outer boundaries of the failure surface first 
intersect a free edge; or (b) the intersection of the breakout 
surface between anchors within the group first intersects the 
surface of the concrete. For the example shown in Fig. 
R17.4.2.3, Point A defines the intersection of the assumed 
failure surface for limiting hef with the concrete surface. 


ijA AajS l,5hef (>» (jlft 2^ yjll 3-2-17-4 

CCD ^4jjia Alauljj qa j^i ji 

yl! 17.4.2.1 J cjVjU-ll o-L-i ‘(R17.3.2 

(jV .(Lutz 1995) ‘17.4.2.5 

(Ill (jtSau V ANC / ANCO 4 Sjjbdl iIiLLjxill 




(Ca.max)/1.5 17.4.2.5 17.4.2.1 u- J 


‘ca 

1 . 5 hef jLju ji ijA Jai ylft jjjj 4iu. cjliLjia ^ max 

laJi Jai (ca,jnax)/l.5 f4j JU 

hef u! 

^loj J&IJ J^UaaII Jij V ^ 

IjULkuI 

^ .R17.4.2.3 ^ jL 

hef= ^ hef tJI aaI) 

t JIIaI! 4jaaIHj .hef= h'ef= 100 mm ^ ‘ {Ca.max )/1.5 

(JS ^ ^ hgf ^ Ai^a^a^I A.a^) d.^ 

(jjjia 17.4.2.3 tliUlial# ^LaJjVI 

dl^b t hef ^ Ia^ tiujilll ^lIsaa 

hef ^ ^Iaaj^I ^daAA 

(i) 17.4.2.5 17.4.2.1 6- ^ 

^ciaAA ji ^lIsaaI A^jl^l 

,AjIaA^)^I ^lIsaA ^ Vjl J^UaaII 

A AJailll cijftj ( R17.4.2.3 Jllftll AaaaIIIj 

.AjIaAJ^I ^dsAAJ hef Ja^I ^dsAA 
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Assumed Actual 





The actual = 140 mm but three edges are < 1 .5h„ 
therefore the limiting value of h„ (shown as h'^ in the 
figure) is the larger of .5 £ d one-third of the 
maximum spacing for an anchor group: 

/?;,= max (150/1.5, 230/3) = 100 mm 
Therefore, use h„ =100 mm for the value of in 
the equations 17.4.2.1 through 17.4.2.5 
including the calculation of 

= (150 + 100)(125 + 230 + [1.5 x 100]) = 126,250 mm' 
Point A shows the intersection of the assumed failure 
surface for limiting /i„,with the concrete surface. 


Fig. R17.4.2.3 Example of tension where anchors are located in narrow members. 


CODE 

17.4.2.4 The modification factor for anchor groups loaded 
eccentrically in tension, \|/ec,A', shall be calculated as but \|/cc,a' 
shall not be taken greater than 1.0. If the loading on an 
anchor group is such that only some anchors are in tension, 
only those anchors that are in tension shall be considered 
when determining the eccentricity c'n for use in Eq. 
(17.4.2.4) and for the calculation of Ncbg according to Eq. 
(17.4.2.1b). In the case where eccentric loading exists about 
two axes, the modification factor \|/ec,iv shall be calculated for 
each axis individually and the product of these factors used 
as \|/cc,rvin Eq. (17.4.2.1b). 


JLuiJ I ^ ^ i 17.4.2.4 

; Jtill ^ i \]/ec.N 

6*^ .1.0 (> 6' tifec.N (jil 

^ dllj tlLti ^ ^ 

g'jv ^j£j.a!:Ul .ijc. jU^VI (ji 

‘(17.4.2.4 ) ^4b<.All ^ "**!' 


.(bl7.4.2.1) 

(JjJjlIII d.abL.a ^ ^ 

\\lec.N^ JaljaJI aJA gjLi f»liiiuil jjij i JJ^ \ifec,N 

(17.4.2.1b 




1 


IT^ 

V 3'V; 


(17.4.2.4) 
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R17.4.2.4 Eigure R17.4.2.4(a) shows a group of anchors that 
are all in tension but the resultant force is eccentric with 
respect to the centroid of the anchor group. Groups of 
anchors can also be loaded in such a way that only some of 
the anchors are in tension (Eig. R17.4.2.4(b)). In this case, 
only the anchors in tension are to be considered in the 
determination of c'n. The anchor loading has to be 
determined as the resultant anchor tension at an eccentricity 
with respect to the center of gravity of the anchors in tension. 

jUuwdi ^ j^Jaj (R17.4.2.4 (a R17.4.2.4 

AJallllj (3^x1/ V ^ A^Ull Sjlll ^ 

j^LulaII ijA A JjA-v*. Cjajj 

^ Aull ^ j^LaaII ^ ji^l ^ i^L^I »JA ^ .((R17.4.2.4 (b 

^ (j^ ,_^UaVI Jaa^I ^ (ji ^ 

^ j^LaaII (^1 AaaaHIj ^jSja V dl^l ^ jIaaaaU Aaa 

.a4J| 
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Elevation 


(a) where all anchors in a group are in tension 


M 




Elevation 


(b) Where only some anchors in a group are in tension 


Fig. R17.4.2.4—Definition of e^/or a group of anchors. 


380 


































CODE 

jjSJl 

COMMENTARY 

17.4.2.5 The modification factor for edge effects for single 
anchors or anchor groups loaded in tension, \^ed,N, shall be 
calculated as 

R17.4.2.5 If anchors are located close to an edge so that 
there is not enough space for a complete breakout prism to 
develop, the strength of the anchor is further reduced beyond 

jl JJA 4 .UL 4 II Jjjiull J. 4 IJL 4 17.4.2.5 

that reflected in ANc/AiVco. If the smallest side cover distance 
is greater than or equal to \.5hef, a complete prism can form 
and there is no reduction (\i/<;rf,v= 1). If the side cover is less 
than \.5hef, the factor \|/<;rf,vis required to adjust for the edge 
effect (Euchs et al. 1995). 

If then v|/,.j,v= 1.0 (17.4.2.5a) 

^ (jA j^IaaaII CijIS 1^14-17-2-5 

lfc„„„„< 1.5/1,/, then \|/,j,^ = 0.7 + 0.3-^^=- (17.4.2.5b) 

\.5h^f 

AjiSaiu Cjjl£ |j| ANC / ANCO. (JjiSilIaII La 

Vj tk»lS jj-iia o' ‘ 1 -Shef ji (> JjSi 

‘hef 1.5 (> Jsi (aliaill (jl^ lijN = 1). ‘Cd ‘ (o^^ 

(Fuchs et al. 1995 ).‘-«ljaJl j^b JjJ.il ijjlk.N ‘ed ‘ 

17.4.2.6 For anchors located in a region of a concrete 
member where analysis indicates no cracking at service load 
levels, the following modification factor shall be permitted; 

(a) \i/c,N = 1.25 for cast-in anchors 

(b) '^c,N =1.4 for post-installed anchors, where the value of 
kc used in Eq. (17.4.2.2a) is 17 Where the value of kc used in 
Eq. (17.4.2.2a) is taken from the ACI 355.2 or ACI 355.4 
product evaluation report for post-installed anchors qualified 
for use in both cracked and uncracked concrete, the values of 
kc and v|/c,A shall be based on the ACI 355.2 or ACI 355.4 
product evaluation report, for post-installed anchors qualified 
for use in both cracked and uncracked concrete, the values of 
kc and v|/c,N shall be based on the ACI 355.2 or ACI 355.4 
product evaluation report. Where the value of kc used in Eq. 
(17.4.2.2a) is taken from the ACI 355.2 or ACI 355.4 
product evaluation report for post-installed anchors qualified 
for use in uncracked concrete, v|/c,N shall be taken as 1.0. 
When analysis indicates cracking at service load levels, 
v|/c,N, shall be taken as 1.0 for both cast-in anchors and 
postinstalled anchors. Post-installed anchors shall be 
qualified for use in cracked concrete in accordance with ACI 
355.2 or ACI 355.4. The cracking in the concrete shall be 
controlled by flexural reinforcement distributed in 
accordance with 24.3.2, or equivalent crack control shall be 
provided by confining reinforcement. 

R17.4.2.6 Post-installed anchors that have not met the 
requirements for use in cracked concrete according to ACI 
355.2 or ACI 355.4 should be used only in regions that will 
remain uncracked. 

^ j^UjmII A.i *.m a\ *t .it .4.2.6 

ji ACI 355.2 citk^l^^All jaa.tiAti ^ ..yt a.i 

Jjlai ij'A./au (ji JJft (^Jjj (jlaLlall VIACI 355.4 

.(24.4.2 jA^^ (j^LailVl cilj^li (Jjjiill JjS.ti'. 

The analysis for the determination of crack formation should 
include the effects of restrained shrinkage (refer to 24.4.2). 
The anchor qualification tests of ACI 355.2 or ACI 355.4 
require that anchors in cracked concrete zones perform well 
in a crack that is 0.3mm. wide. If wider cracks are expected, 
confining reinforcement to control the crack width to 
approximately 0.3mm. should be provided. The concrete 
breakout strengths given by Eq. (17.4.2.2a) and (17.4.2.2b) 
assume cracked concrete (that is, v|/c,N = 1.0) with v|/c,N ke = 
24 for cast-in, and 17 for post-installed. When the uncracked 
concrete v|/c,N factors are applied (1.25 for cast-in, and 1.4 
for post-installed), the results are v|/c,N kc factors of 30 for 
cast-in and 24 for post installed. This agrees with field 
observations and tests that show cast-in anchor strength 
exceeds that of post installed for both cracked and uncracked 
concrete. 

^ j^IaaaII 17-4-2-6 

JaIjla 

^jaII ^ ^JJa-sa j^LaaU \|/c,A^ = 1.25 (i) 

^La^ ^ j^IaaaU \^c,N — 1.4 (s^) 

^ 27 ^(17.4.2.2d) ^ 

ACIji ACI 355.2 ^ 6- (» 17.4.2.2) ^jIjlaaII 

A^i.4AlAl) ^ J^L4 AaIJ355.4 

jjjij (jmLJ ^ N j ipc jkc uj^ (ji ‘ AiiwLAii 

^ ^.iVu^aH kc . ACI 355.4 ji ACI 355.2 

ji ACI 355.2 ^ u- (» 17.4.2.2) 

^ jxj j^LaaI ACI 355.4 

La.ll& .1.0-^ N J l|JC (ji *• 

1.0 i|JC 4 AaJ^1 Ja& ilibjluiA ^ 

J^LaAaII (JjSH j^IaaaII 

ACI 3^ ACI 355.2 aaaaaIaIi 

ajLm ^ ^ ^355.4. 

^ ^ ^ ji 424.3.2 -i 

UJ^ d ACI 355.4 ji ACI 355.2 

^ jLwu Ja9u ^jIsUa ^ j^LaaaI) 

j^ 3 ^ ^^^ 3 ^ ^,^^ 1 aII ^ja ul .iiiinO.3 

5jfl .IjjjSj mmO.3 

J.4aJb) 17.4.2.2 (j (i 17.4.2.2) .54jUj 41 4ia*.»ljj 

17 j ‘ kc = 24 ‘ v|/c i-»N = 1.0) ‘C ‘ (Aiibla 

1.25)N J.aljxll (Jjjlaj ^ LaJjP 

N kc factor of 30 for ‘ i|/c gjkuh uj^ ‘ 1.4 j 

^ijjjill cjUa^iUli jji ( 3 jii lj*cast-in and 24 for post installed. 

Jll Ai^j (j.a 4llj jLaA.j.a ijfi 

,A.iL4AAll J^3 A^^AaIaII (JA 
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17.4.2.7 The modification factor for post-installed anchors 
designed for uncracked concrete in accordance with 17.4.2.6 
without supplementary reinforcement to control splitting, 
v|/cp,N, shall be calculated as follows using the critical 
distance cac as defined in 17.7.6 

If Ca.inm ^then Vcrf..v =1-0 (17.4.2.5a) 

Ifc„™>,< 1.5V,theni|;,.rf,v=0.7 + 0.3-^^ (17.4.2.5b) 

\.5h^ 

but v|/cp,N determined from Eq. (17.4.2.7b) shall not be taken 
less than 1.5hef/cac, where the critical distance cac is defined 
in 17.7.6. For all other cases, including cast-in anchors, 
v|/cp,N shall be taken as 1.0. 

JjJXaII JaIjLA 17.4.2.7 

"" 17.4.2.6 tjA&U 

jA LaS ^LaaII ^IaII jaaII uicr \j/cp,N ijiC' 

17.7.6 (J 

If Ca,„i„ > 1 .5h^f, then =1-0 (17.4.2.5a) 

If c^mw < I-5V, then v|/«,,v= 0.7 + 0.3 (17.4.2.5b) 

1.5/j^ 

^ Jab jijj V (17.4.2.7b) ^jI*a1i ^ \|/cp,N 

i_^\ AaaaaIIa. 17.7.6 AibAAll uajj*A ^ i 1.5hef/cac 

^ ^ Aa^^ja^aI) j^LaaII iillj ^ Iaj CaVI^I ^aa-^ 

.1.0 i|/cp,N 


R17.4.2.7 The design provisions in 17.4 are based on the 
assumption that the basic concrete breakout strength can be 
achieved if the minimum edge distance ca,min equals 1.5hef. 
Test results (Asmus 1999), however, indicate that many 
torque-controlled and displacement-controlled expansion 
anchors and some undercut anchors require minimum edge 
distances exceeding 1.5hef to achieve the basic concrete 
breakout strength when tested in uncracked concrete without 
supplementary reinforcement to control splitting. When a 
tension load is applied, the resulting tensile stresses at the 
embedded end of the anchor are added to the tensile stresses 
induced due to anchor installation, and splitting failure may 
occur before reaching the concrete breakout strength defined 
in 17.4.2.1. To account for this potential splitting mode of 
failure, the basic concrete breakout strength is reduced by a 
factor v|/cp,N if ca,min is less than the critical edge distance 
cac. If supplementary reinforcement to control splitting is 
present or if the anchors are located in a region where 
analysis indicates cracking of the concrete at service loads, 
then the reduction factor v|/cp,N is taken as 1.0. The presence 
of supplementary reinforcement to control splitting does not 
affect the selection of Condition A or B in 17.3.3. 


(_jAiaA JjSaj Aji (jil jaSI 17.4 Aaaaaj R17.4.2.7 

min ^ ^LalaI IaI a^LaVI ^Iaaj 4J| Sji 

6' Lf^\ i lillA jAi I (Asmus 1999) jlAAiVl jblAjhef. 1.5 

i ^aIaaaIIj jbj. AaaaJ^I CaIa^ ^ AjAxII 

hef. 1.5 CaISIaaa AaajIaII j^LaaII 

^Iaa^)^I ^ IajIaa^I aa& A^LaVI jaaa£ ^JaI^aI 

Ja^ ^ IaAjp _*i. .iftiyt ^ aS-v'.w aaLa£j 

aL^I AxSIjU (jaaaiaII cijlah Ale A.^U1| Aa^I hjiuJa lJLJij iAa^I 

J^^A^^j J^ AJ. Ja^ 4^A^ A2j 4jLaaAAa1| 4^JA (jC' ^bll AaaI) 

Ja'.-v a\i IxAllj JaI^aIj .17.4.2.1 Saa^aaII ^Laj^I jaaa£ Sji 

N ^ ij/cpd^I^ A^LaVI ^IjA^Vl Sjfi JaI^ ^ 4Jaa^ 

^LtAaVI ^uLaiaII IaI cac. ^l^l ^Iaaia ^ J^imin ‘if ca 

Aab*A ^ SA^^^ j^IaaaaII CajI^ IaI ji IA^^^ aj. ..a'.U ^ aA-v'.II 
JaI^ ^ 1jAa& 4^A^I JLa^i ^ ^Laj^JI ^J^aH JaI^^I jaa^ 
3jlljUAtll ''ajAAtll <,^1431 ^LaLaiA Aj^J Jjjj V .1.0 ‘^N ‘ t|/cp JIJ^VI 

,17.3.3 J B ji A ij4Jl jbli.1 


17.4.2.8 Where an additional plate or washer is added at the 
head of the anchor, it shall be permitted to calculate the 
projected area of the failure surface by projecting the failure 
surface outward 1.5hef from the effective perimeter of the 
plate or washer. The effective perimeter shall not exceed the 
value at a section projected outward more than the thickness 
of the washer or plate from the outer edge of the head of the 
anchor. 


I j1.aaaia4| cH'Ij aJIaaia jl a-vjS.aa AiLiAal ^ 17.4.2.8 

^lIsaa IsIAaaI ^Ja^^ QC' ^Ia^VI ^JsaaaI a ba. .1 aII a -vl . .1 aU i ^LAAAJ 

Vi bmAll ji A-vja.AAll Jtxlll bj-v aU ^ 1.5hcf Aa^ ^jI.41! jL^VI 
^Laaa (jji ba. .iaII ^haAll ^ Aao^I JIjlIII bj-v aU 

,jIaaaa 1| ‘I.Sl^l J)A A-vja.Aall jl clmAll 
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17.4.2.9 Where anchor reinforcement is developed in 
accordance with Chapter 25 on both sides of the breakout 
surface, the design strength of the anchor reinforcement shall 
be permitted to be used instead of the concrete breakout 
strength in determining c()Nn. A strength reduction factor of 
0.75 shall be used in the design of the anchor reinforcement 

R17.4.2.9 For conditions where the factored tensile force 
exceeds the concrete breakout strength of the anchor(s) or 
where the breakout strength is not evaluated, the nominal 
strength can be that of anchor reinforcement properly 
anchored, as illustrated in Fig. R17.4.2.9. 

25 (jk 17.4.2.9 

J.aljL« (|)Nn ^ 

.jIawlaII 0.75 

^jLLa ijuLAS i^R17 .4.2.9 

^ V jl jLoaaaU 

jLaulaII dji ^ iJJ^ u't ^ 

. R17 .4.2.9.lJ^^) ^ 1a£ ( Ji5iAA.i 

Care needs to be taken in the selection and positioning of the 
anchor reinforcement. The anchor reinforcement should 
consist of stirrups, ties, or hairpins placed as close as 
practicable to the anchor. 

^aLaj (ji .jLaaaaII ^aLaj AjiLuaj j.1^1 

ujfil ^ jI i CjUllIl ^ j^LaaI) 

,jLaaaa1| (jSaA 

Only reinforcement spaced less than 0.5hef from the anchor 
centerline should be included as anchor reinforcement. The 
research (Eligehausen et al. 2006b) on which these 

provisions is based was limited to anchor reinforcement with 
maximum diameter similar to a No. 16 bar. 

^t I1J jIaiwiaII la^ oAflOf 0.5 A^Laa ^ 

(Eligehausen et al. 2006b) .jLaaaaU 

JjLaa jiafi ^ jIaaaaII ^;4aaj ^.41 

. 1 6 ^ J laj jaaU 

It is beneficial for the anchor reinforcement to enclose the 
surface reinforcement. In sizing the anchor reinforcement, 
use of a 0.75 strength reduction factor c() is recommended as 
is used for strut-and-tie models. As a practical matter, use of 
anchor reinforcement is generally limited to cast-in anchors. 

^cjkAj ^LA4al jIaaaaII ^uIaaaI AiiAll ^ja 

^akA4AA jA La£ 0.75 N^aIi JaIaa ^laaA4Alj (jLaaaaII 

^aLaj *1 .it \l A^Ull ^ ^^LaII 

, J^LaA jLaaaaI) 
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COMMENTARY 



Elevathn 


17.4.3Pullout strength of cast-in, post-installed ,expansion 
and undercut anchors in tension 

^ uL^jajVI 17..4.3 



R17.4.3 Pullout strength of cast-in, post-installed expansion 
and undercut anchors in tension 

A^Vj ^ j^LaaU uI^aajVI AdjUd R17.4.3 

AaaII ^ CjlJjjVlj AjLwj^^Ij 


17.4.3.IThe nominal pullout strength of a single cast-in, 
post-installed expansion, and post-installed undercut anchor 
in tension, Npn, shall not exceed 

Npn = \i/c,PNp 

where v|/c,P is defined in 17.4.3.6 

^ A AaaujVI dj2 Vi 17.4.3.1 

AaaI) ^ Al^Vj 

Npn = \j/c,PNp 

17.4.3.6 P‘ ipc (4i 


R17.4.3.1 The design requirements for pullout are applicable 
to cast-in, post-installed expansion, and post installed 
undercut anchors. They are not applicable to adhesive 
anchors, which are instead evaluated for bond failure in 
accordance with 17.4.5. 

17 3 11 

V ^ CjlJjjVlj ^ 

J (JaaH i41j (jA SIaj 1 ^ ^ (A^a^5UI j^LaaII 

,17.4.5 
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17.4.3.2 For post-installed ,expansion and undercut anchors, 
the values of Np shall be based on the 5 percent fractile of 
results of tests performed and evaluated according to ACI 
355.2. It is not permissible to calculate the pullout strength in 
tension for such anchors. 

^ Xojxj i CjlJjjVlj ^tjMulljl7.4.3.2 

lA jl^ Cj|% 5 Aj^ 

SAA Jlal A^l ^ ijfi V. ACI 355.2 jtj*^ 


17.4.3.3 For single cast-in headed studs and headed bolts, it 
shall be permitted to evaluate the pullout strength in tension 
using 17.4.3.4. For single J- or L-bolts, it shall be permitted 
to evaluate the pullout strength in tension using 17.4.3.5. 
Alternatively, it shall be permitted to use values of Np based 
on the 5 percent fractile of tests performed and evaluated in 
the same manner as the ACI 355.2 procedures but without 
the benefit of friction 

^ jll dilj j^Luiioll ^ 17.4.3.3 

, ^7.4.3.4 .il i aAI) ‘ ‘ ‘At ^rtmj ( Aj^jl^l 

^ Sjh i L-single J Aj^uIL 

Np ‘j Vaj, 17.4.3.5 ^Ia^amjIj aAII 

A^jla ^jaAL t ^ ^ (Ja Z 5 Aaaaj IaUIajI 

sAili UJAJ ACI 355.2 


COMMENTARY 


R17.4.3.2 The pullout strength equations given in 17.4.3.4 
and 17.4.3.5 are only applicable to cast-in headed and 
hooked anchors (CEB 1997; Kuhn and Shaikh 1996); they 
are not applicable to expansion and undercut anchors that use 
various mechanisms for end anchorage unless the validity of 
the pullout strength equations are verified by tests. 

J 17.4.3.4 (J SJjIjII »ja caVaUa (jJili VR17.4.2. 

i (CEB 19974^1^ ^uAaIIj ^ijll jaaLaaII ^ VI 17.4.3.5 
jAAjUllj jjJaiii Ail! ‘ Shaikh 1996) jKuhn 

(jA ^ ^ Ia Cjaj^I A a\'<A A cjl^l ^A^Aaij j^LaaII 

.diljlAAkVI 0^ uL^aaIVI iji CaVaIxa A-^j/a 

R17.4.3.3 The pullout strength in tension of headed studs or 
headed bolts can be increased by providing confining 
reinforcement, such as closely spaced spirals, throughout the 
head region. This increase can be demonstrated by test 

J^IaAA ji A^ijll J^LaaI) AaA ^ uI^AAjVI SaIjJ (j^AjR17.4.3.3. 
‘(JaJJ AjjISjaII iJljlll Jla 1 jAaaJl jjj*J Ja2jj Jiti (ja (ja’I jll 
jluAkVl (JAjia SaIjjII dAA OaIjII A^IaIa ^JAy 


17.4.3.4 The pullout strength in tension of a single headed 
stud or headed bolt, Np, for use in Eq. (17.4.3.1), shall not 
exceed 

= (17.4.4.1) 

t jLaaAA ^AL^I jLaaAaU AaaII U^AaII 17.4.3.4 

jjL^ Vi i. (17.4.3.1) ^ j»lAijAA5U iNp 


R17.4.3.4 The value calculated from Eq. (17.4.3.4) 
corresponds to the load at which crushing of the concrete 
occurs due to bearing of the anchor head (CEB 1997; ACI 
349). It is not the load required to pull the anchor completely 
out of the concrete, so the equation contains no term relating 
to embedment depth. Local crushing of the concrete greatly 
reduces the stiffness of the connection, and generally will be 
the beginning of a pullout failure 

(Ja^JI ^ (17.4.3.4) JaIxaH ija ^j*a-\a') a.a^iri7.4.3.4 

^(CEB 1997 jIaiaiaII (jaI^ (Ja^ ^ aJUa^^^I A^ ^aII 

(AjIaaj^JI Qa JaIIIIj jLaaaaII jtb u^^HaaII Ja^I ^ja^ACI 349). 

^IaAjVI i^AX^ A ^aIxaII V i^IaI 

^IAJ JSaAJ .iJ J^AAJ (JA ^IaAJ^H 

caI^aajVi (3^^ 
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17.4.3.5 The pullout strength in tension of a single hooked 
bolt, Np, for use in Eq. (17.4.3.1) shall not exceed 

Np = 0.9fc' ehda (17.4.3.5) 

Where 3da < eh < 4.5da 

R17.4.3.5 Equation (17.4.3.5) for hooked bolts was 
developed by Futz based on the results of Kuhn and Shaikh 
(1996). Reliance is placed on the bearing component only, 
neglecting any frictional component because crushing inside 
the hook will greatly reduce the stiffness of the connection 

.1 jLauu jji 17.4.3.5 

jjLai Vi (17.4.3.1) 

Np = 0.9fc' ehda (17.4.3.5) 

and generally will be the beginning of pullout failure. The 
limits on eh are based on the range of variables used in the 
three tests programs reported in Kuhn and Shaikh (1996) 

Where 3da ^ eh ^ 4.5da. 

VAaII (17.4.3.5) j»2Ri70.4.3.5 

^ jbu&Vl Shaikh (1996). j Kuhn ^ 

LiiUa^j 3^1 J (j\ JLaAI ^ 

17.4.3.6 For an anchor located in a region of a concrete 
member where analysis indicates no cracking at service load 
levels, the following modification factor shall be permitte 
v|/ c,P = 1.4 

Where analysis indicates cracking at service load levels, v|/c,P 
shall be taken as 1.0. 

^ 4»a.l^A4AAll CjIjJlIaII 3 ^^ IIjauj. uL&aajVI 

.1996 tljljLjiiVl 

j—^ jLawi.4 17.4.3.6 

\j/ C,P = 1.4 Jjjjuil 


\|/C (ji 44 ^ ^ 

1 . 0 -sp ‘ 


17.4.4 Concrete side-face blowout strength of a headed 
anchor in tension 

R17.4.4 Concrete side-face blowout strength of a headed 
anchor in tension—The design requirements for side-face 
blowout are based on the recommendations of Furche and 

.lull) ^ jLamiaI dj£ 17.4.4 

Eligehausen (1991). These requirements are applicable to 
headed anchors that usually are cast-in anchors. Splitting 
during installation rather than side face blowout generally 

17.4.4.1 For a single headed anchor with deep embedment 
close to an edge (hef > 2.Seal), the nominal side-face 
blowout strength, Nsb, shall not exceed 

governs post-installed anchors, and is evaluated by the ACI 
355.2 requirements. 

a41| ^ chO jLawm AJaiujIjj dj2R17.4.4 

(17.4.4.1) 

If ca2 for the single headed anchor is less than 3cal, the 
value of Nsb shall be multiplied by the factor (1 H- 
ca2/cal)/4, where 1.0 < ca2/cal < 3.0. 

Furchc (3^ 0*^ ** ■ C^UlialA 

J^lAAA^j ^^iC' 3 .^*'*). 1991 

jL^ijVl fUji ^AulL. j^LaaII ^ AJmA to d.3l& 

3 *^ ^tAJ^ (AaAaII J^IaAaII 

ACI 355.2.‘::^MkL, 

^ oui^l iJjIJ jLaa.uaI AjmuIIj 17.4.4.1 

AjauuVI jIaAjVI Sjfl Vi i (hef> 2.5cal) 

‘Nsb 

Nstg= 1 + — N,, (17.4.4.2 

V J 

^3cdl 0 ^ jIawLaI AomuIL Cd2 

JaIxaII AJsmjIjj Nsb 

1.0 < ca2/cal < 3.0 ‘(1 + ca2/cal)/4 
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17.4.4.2 For multiple headed anchors with deep embedment 
close to an edge (hef > 2.5cal) and anchor spacing less than 
6cal, the nominal strength of those anchors susceptible to a 
side-face blowout failure Nsbg shall not exceed 

+ (17.4.4.2) 

^ dJ^Lxa 17.4.4.2 

AjaauVI ajill t 6cal jLauiaIi (hef> 2.5cal) 

Nsbg ^ ^.luajjLAl) iiim 

+ (17.4.4.2) 

where s is the distance between the outer anchors along the 
edge, and Nsb is obtained from Eq. (17.4.4.1) without 
modification for a perpendicular edge distance. 

Jjla ijiC’ ^ 

JjJxj (jjJ (17.4.4.1) Nsb 


COMMENTARY 

R17.4.4.2 In determining nominal side-face blowout strength 
for multiple headed anchors, only those anchors close to an 
edge (hef > 2.Seal) that are loaded in tension should be 
considered. Their strength should be compared to the 
proportion of the tensile load applied to those anchors. 

AaAujVl 4 j 4^ 4l& 1^17,4.4.2 

(jA AjjjH) iilij ^ laid ^ dJAiLLa 

^JS l 4 Jja Ajjlia (hef > 2.5cal 

iilij A^jixdl d.a^j 
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17.4.5 Bond strength of adhesive anchor in tension 

R17.4.5 Bond strength of adhesive anchor in tension 

^ jLauiaII iajjll dji 17.4.5 

^3^^^ jLa.ui«a R17.4.5 

17.4.5.1 The nominal bond strength in tension, Na of a single 
adhesive anchor or Nag of a group of adhesive anchors, shall 
not exceed 

(a) For a single anchor 

R17.4.5.1 Evaluation of bond strength applies only to 
adhesive anchors. Single anchors with small embedment 
loaded to failure in tension may exhibit concrete breakout 
failures, while deeper embedments produce bond failures. 

jLauiaI ^ AoaujVI Vi 17.4.5.1 

jLaA.u.41 

dji 4.5.1 

Ua^ a4^i 

.Jajjll ^ (3^^^ 4^L4A1jill Jjil 

(17.4.5.1a) 

^\ao 

Adhesive anchors that exhibit bond failures when loaded 
individually may exhibit concrete failures when in a group or 
in a nearedge condition. In all cases, the strength in tension 
of adhesive anchors is limited by the concrete breakout 

K (17.4.5.1b) 

strength as given by Eq. (17.4.2.1a) and (17.4.2.1b) 
(Eligehausen et al. 2006a). 

Factors \\iec,Na, \\ied,Na, and \\icp,Na are defned in 17.4.5.3, 
17.4.5.4, and 17.4.5.5, respectively. ANa is the projected 
influence area of a single adhesive anchor or group of 
adhesive anchors that shall be approximated as a rectilinear 
area 

that projects outward a distance cNa from the centerline of 
the adhesive anchor, or in the case of a group of adhesive 
anchors, from a line through a row of adjacent adhesive 
anchors. ANa shall not exceed nANao, where ii is the number 
of adhesive anchors in the group that resist tension loads. 
ANao is the projected influence area of a single adhesive 
anchor with an edge distance equal to or greater than cNa: 

^ ^ ,4.21^1 

ja) 17.4.2.1. (Jjbi-dl ijA ja L>s SjLui jilt (jijiii »ja Jiti 

b) (Eligehausen et al. 2006a). 17.4.2.1 ( 

The influences of anchor spacing and edge distance on both 
bond strength and concrete breakout strength must be 
evaluated for adhesive anchors. The influences of anchor 
spacing and edge distance on the nominal bond strength of 
adhesive anchors in tension are included in the modification 
factors ANa/ANao and v|/ed,Na in Eq. (17.4.5.1a) and 
(17.4.5.1b). The influence of nearby edges and adjacent 
loaded anchors on bond strength is dependent on the volume 

j 17.4.5.3 v|/cp,Na‘ j v|/ec,Na, \|/ed,Na cjiLalx^di ^ 

^ANa . 17.4.5.5 j 17.4.5.4 

jSj.4 cNd 

Ja^ (yi i ^ jl 4 jUamiaII 

nANao ^ ^(, kuA 

ANao JLa^I ^ ^ n 

j't ^ 4jl2j2aI| 4^Lbii,a 

cNa U-* 

of concrete mobilized by a single adhesive anchor. In 
contrast to the projected concrete failure area concept used in 
Eq. (17.4.2.1a) and (17.4.2.1b) 

IJM j£ ijiC’ ^ 

.l&Lj ^ 

^ AaaaajVI Alajljll jIaaaaII 

Eq. Na j v|/ed j ANa / ANAA J-lje 

j^LaaHj tiljaJi j^b AAU*jb). 17.4.5.1 (j(17.4.5.1a) 

4Ja.wiljj aU&All AmajIaa AIa^aaII 

Amo = (lci,,f (17.4.5.1c) 

AjL.u^)^I Aliala (3*3 *^* jIawm 

b) 17.4.2.1 (j EQ. (17.4.2.1a) J 

where 


CNa=m^^ (17.4.5. Id) 

V 7.6 


and constant 7.6 carries the unit of MPa 


MPa 7.6 
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to compute the breakout strength of an adhesive anchor, the 
influence area associated with the bond strength of an 
adhesive anchor used in Eq. (17.4.5.1a) and (17.4.5.1b) is 
not a function of the embedment depth, but rather a function 
of the anchor diameter and the characteristic bond stress. The 
critical distance cNa is assumed the same whether the 
concrete is cracked or uncracked; for simplicity, the 
relationship for cNa in Eq. (17.4.5.Id) uses xuncr, the 
characteristic bond stress in uncracked concrete. This has 
been verified by experimental and numerical studies 
(Eligehausen et al. 2006a). 

4JU 17.4.5.1 (j Eq. (17.4.5.1a) J 

4..au4| iak4aj jLoAAAlj jlail kAjlj (3 'AxI 

^ CajIS IjI La cNa ^LaaI) 

‘ Tuncr faJijAAj Eq. (17.4.5.1d) cNa 4 ^iUll lAJaLaiJl 

iillj ^ ^Lyuj^l ^ 

(Eligehausen et al. 2006a).^JJ*Jb cjLaIjjII Jjjla 


Eigure R17.4.5.1(a) shows ANao and the development of Eq. 
(17.4.5.1c). ANao is the projected influence area for the 
bond strength of a single adhesive anchor. Eigure 
R17.4.5.1(b) shows an example of the projected influence 
area for an anchor group. Because, in this case, ANa is the 
projected influence area for a group of anchors, and ANao is 
the projected influence area for a single anchor, there is no 
need to include n, the number of anchors, in Eq. (17.4.5.1b). 

If anchors in a group (anchors loaded by a common base 
plate or attachment) are positioned in such a way that the 
projected influence areas of the individual anchors overlap, 
the value of ANa is less than nANao. The tensile strength of 
closely spaced adhesive anchors with low bond strength may 
significantly exceed the value given by Eq. (17.4.5.1b). A 
correction factor is given in the literature (Eligehausen et al. 
2006a) to address this issue, but for simplicity, this factor is 
not included in the Code 

c). 17.4.5.1. j ANao R17.4.5.1 (a) 

jLauaaI Aa^jIaII AaIaIa ^^AANaO 

.^LajjVI ^^5aa.a 1 Ajai^AAl) AaIaIaI (uj 4 .1.4.5.1 

(JA Aa^jIaII J^t4l AaIaIa f_^ANA dAA ^ iAJV 

t SaaIj jLaaaaI AaSjIaI) AaIaIa ANAO J ^ j^LaaI) 

^ Eq. (17.4.5.1b). ‘ jac i n tjj '' AM lilUA 

ji ^jlwLA dA&l2 AJamjI^ AJl^j AfcjA-v A ^ j^LaaII 

A.a^ 0.3^ IsjIjaII Aa^jaaI) ^JIsUa JaIA^ A^jjlaj 

acIaaII ciilA AAAd5Ul iaj| jaU a^i JjLa 2 a£ uANao. J^^ANa 

JaIaaII AJauIjj SUsaaII AauaII a ,>iaA; a'I laLujVI ^ ^3^-41 

(Eligehausen et al. LjIjjaVI jua-sj JaI* AAjjb). 17.4.5.1( 

IaA ^jjAAaj V (AJsIaa^I O^.J tAdLAA^I dAA A^lAAl^OOba) 

AJaLaII 
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17.4.5.2 The basic bond strength of a single adhesive anchor 
in tension in cracked concrete, Nba, shall not exceed 

= (17.4.5.2) 

The characteristic bond stress xcr shall be taken as the 5 
percent fractile of results of tests performed and evaluated 
according to ACI 355.4. Where analysis indicates cracking at 
service load levels, adhesive anchors shall be qualified for 
use in cracked concrete in accordance with ACI 355.4. For 
adhesive anchors located in a region of a concrete member 
where analysis indicates no cracking at service load levels, 
Tuncr shall be permitted to be used in place of xcr in Eq. 
(17.4.5.2) and shall be taken as the 5 percent fractile of 
results of tests performed and evaluated according to ACI 

355.4 It shall be permitted to use the minimum characteristic 
bond stress values in Table 17.4.5.2, provided (a) through (e) 
are satisfied: (a) Anchors shall meet the requirements of ACI 

355.4 (b) Anchors shall be installed in holes drilled with a ro 
ary impact drill or rock drill (c) Concrete at tim of anchor 
installation shall have a minimum compressive strength of 17 
MPa (d) Concrete at time of anchor installation shall have a 
minimum age of 21 days (e) Co Crete temperature at time of 
anchor installation sh 11 be at least 50°F 


^ (3^*^ jLuloI Vi 17.4.5.2 

Yfia = X.„ x,.rnda hef (17.4.5.2) 

Z5 ^ TCr 

ACI 355.4. ^ 

jLAAitt.41) ^ 

ACI 355.4 ^ 

Cja 4.1a 11 ^ 5 0^ V^j(17.4.5.2) 

(ji . ACI 355.4-^ 

iA (') oi^ o' ‘17.4.5.2 SjjAill lajjll (jjjSlI 

j^LwiaII ACI 355.4 laliUlIala <1-^ 

o' iz) O^' j' J-a Sjjiaji 

17 IMPd ‘Lajli.a Jfil jIammII ^ 

tiajj 21 ^ j.a& o' 

50 J^' Oi% o' 4*^ ‘ cikj ^ 4jLjijil! 5jljaJl 


R17.4.5.2 The equation for basic bond strength of adhesive 
anchors as given in Eq. (17.4.5.2) represents a uniform bond 
stress model that has been shown to provide the best 
prediction of adhesive anchor bond strength through 
numerical studies and comparisons of different models to an 
international database of experimental results (Cook et al. 
1998). The basic bond strength is valid for bond failures that 
occur between the concrete and the adhesive as well as 
between the anchor and the adhesive. Characteristic bond 
stresses should be based on tests performed in accordance 
with ACI 355.4 and should reflect the particular combination 
of installation and use conditions anticipated during 
construction and during the anchor service life. 

ijiC' ‘LuLuSh ^'^WaR17.4.5.2 

jSjj <l\ j^i Jajjll i».>a jjjAj Eq. (17.4.5.2) 

CjLjjll.aj (jji jIawl. ( 3 . 4 a 2 l 

. (1998 ujjk'j d.^lH 

JIjaIIj ‘UuLuSh 

djjAAlj lajxJa Q\ Qm 

(ji ACI 355.4 4 14^ 'A j'j^! (4 

'-X'- «Vlj ‘UdlAll 

jIauiaII ‘La.^ djjfi 


For those cases where product-specific information is 
unavailable at the time of design. Table 17.4.5.2 provides 
lower-bound default values. The characteristic bond stresses 
in Table 17.4.5.2 are the minimum values permitted for 
adhesive anchor systems qualified in accordance with ACI 

355.4 for the tabulated installation and use conditions. 


^ SjSjla ^ulalb ‘UdL^I CjLi^jlaAll Oj^ i^' <Uau1Lj 


Uji ^ 17.4.5.2 . (liij 

‘LoiuV {^17.4.5.2 dJ^AAll laajl) 

*1 ‘-v*:. ..yt ufljjlaj ‘t.uAtlb ACI 355.4 4 ‘Ua^aI) 


Use of these values is restricted to the combinations of 
specific conditions listed; values for other combinations of 
installation and use conditions should not be inferred. Where 
both sustained loading and earthquake loading are present, 
the applicable factors given in the footnotes of Table 
17.4.5.2 should be multiplied together. The table assumes 
that all concrete has a minimum age of 21 days and a 
minimum concrete compressive strength of 17 MPa. See 
R17.1.2. 


lajj.4^j t-.lfcjA-v A .it 

‘JjVjll JjA^j j^IwiaII Ja^I (jji JS ..ytj 

(jijjL. l&A 17.4.5.2 j'j^' ‘tl JaA,') JaIjxII AicUdA 

JaiLua ijM Iajj 21 jAail .1^ 14^4 u' JJ'^' 

R17.1.2.>ilMPa. 17 5jLAjill 
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Table 17.4.5.2—Minimum characteristic bond 
stresses[i][ 2 ] 


SjjAj Jajj Jai 17.4.5.2 

Table 17.4.5.2-Minimuni characteristic bond 
stressesi’iPi 


Installation 

and service 

environment 

Moisture content of 

concrete at time of 

anchor installation 

Peak in-service 
temperature of 
concrete, T 

MPa 

MPa 

Outdoor 

Dry to fully 
saturated 

79 

1.4 

4.5 

Indoor 

Dry 

43 

2.1 

7.0 


I'lWhere anchor design includes sustained tension loading, multiply values of t, and 
t„by0,4, 

PlWhere anchor design includes earthquake loads for structures assigned to SDC C, D, 

E, or F, multiply values of t„ by 0,8 and t„ by 04, 

( 1 ) 

JjVjil jlftAAiAll [ 2 ] 0.4 Timer j 

TCr 4 P 4 SDO (T CjIa^IaU 

. 0.4 j'-ii-u Tuncr j 0‘8 


COMMENTARY 

(jjWMl 

The terms “indoor” and “outdoor” as used in Table 17.4.5.2 
refer to a specific set of installation and service 
environments. Indoor conditions represent anchors installed 
in dry concrete with a rotary impact drill or rock drill and 
subjected to limited concrete temperature variations over the 
service life of the anchor. Outdoor conditions are assumed to 
occur, when at the time of anchor installation, the concrete is 
exposed to weather and may therefore be wet. Anchors 
installed in outdoor conditions are also assumed to be subject 
to greater concrete temperature variations such as might be 
associated with freezing and thawing or elevated 
temperatures resulting from direct sun exposure. While the 
indoor/outdoor characterization is useful for many 
applications, there may be situations in which a literal 
interpretation of the terms “indoor” and “outdoor” do not 
apply. For example, anchors installed before the building 
envelope is completed may involve drilling in saturated 
concrete. As such, the minimum characteristic bond stress 
associated with the outdoor condition in Table 17.4.5.2 
applies, regardless of whether the service environment is 
“indoor” or “outdoor.” Rotary impact drills and rock drills 
produce non-uniform hole geometries that are generally 
favorable for bond. Installation of adhesive anchors in core- 
drilled holes may result in substantially lower characteristic 
bond stresses. Because this effect is highly product 
dependent, design of anchors to be installed in core-drilled 
holes should adhere to the productspecific characteristic 
bond stresses established through testing in accordance with 
ACI 355.4. 


JLu O'* ^ 17.4.5.2 

AjLajj4Jl 

Qm ,jLftAaL.dl ^.1^ 

ji 

jaIiUaII ^jiaj.^1 4.^1411 AjtljjAlj 

4^ tiliUjjlalll ^ JjJiill uLu^jllI 

J^" J "(.jikiJ" ^jaJl jjjjijjll "il 

^ JLollSI A4A4II (JIaaII Jj; * -< 

LaC jl^l (jdsiu ‘17.4.5.2 1.9^ ‘/-^I ajAAAil 

j^bll ‘ji "AAlkU" ^4^1 ilul£ |4| 
JSj.^ 4 aUV’a AjmjAIA JISaaI 4jj,v.v^\t SjIjaII 

Ajj^^a.a1| caj^I ^ j^LaaII (jP 42 .(litfuAh 

^j4j Jjuxj (jV Iji^ djJAA CjIaIaj Jajk4a AaaaLaVI 


^ 4|ja1| j^LaaI) ^jaL ca^ ‘^caIaII 

djL^I ^ ^4ll ^LaIaU 44^a 1| IsAjll ^ AaaaIaaVI 

ACI 355.4.4 ll2j jluiVl 


392 




















CODE 

jjsii 


COMMENTARY 


The characteristic bond stresses associated with specific 
adhesive anchor systems are dependent on a number of 
parameters. Consequently, care should be taken to include all 
parameters relevant to the value of characteristic bond stress 
used in the design. These parameters include but are not 
limited to: 

Type and duration of loading—bond strength is reduced for 
sustained tension loading 

(b) Concrete cracking—^bond strength is higher in uncracked 
concrete 

(c) Anchor size—bond strength is generally inversely 
proportional to anchor diameter 

Drilling method—bond strength may be lower 
for anchors installed in core-drilled holes 

(e) Degree of concrete saturation at time of hole drilling and 
anchor installation—bond strength may be reduced due to 
concrete saturation 

A,1aa SjjaaII Aiajljll .Iojxj 

CjIJ t-tt ^ w CjIaIxaII (ja 

^ A A ^-vl..1 A\t ^ 





(f) Concrete temperature at time of installation—installation 
of anchors in cold conditions may result in retarded adhesive 
cure and reduced bond strength 

(g) Concrete age at time of installation—installation in 
early-age concrete may result in reduced bond strength (refer 
toR17.1.2) 

(h) Peak concrete temperatures during anchor service life— 
under specific conditions (for example, anchors in thin 
concrete members exposed to direct sunlight), elevated 
concrete temperatures can result in reduced bond strength 








laLiijVl (jiliijl (_jJl A*ili jaII 
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(i) Chemical exposure—anchors used in industrial 
environments may be exposed to increased levels of 
contaminants that can reduce bond strength over time 
Anchors tested and assessed under ACI 355.4 may in some 
cases not be qualified for all of the installation and service 
environments represented in Table 17.4.5.2. Therefore, even 
where the minimum values given in Table 17.4.5.2 are used 
for design, the relevant installation and service environments 
should be specified in accordance with 17.8.2.1, and only 
anchors that have been qualified under ACI 355.4 for the 
installation and service environments corresponding to the 
characteristic bond stress taken from Table 17.4.5.2 should 
be specified. Characteristic bond stresses associated with 
qualified adhesive anchor systems for a specific set of 
installation and use conditions may substantially exceed the 
minimum values provided in Table 17.4.5.2. For example, 13 
mm to 20 mm. diameter anchors installed in impact drilled 
holes in dry concrete where use is limited to indoor 
conditions in uncracked concrete as described above may 
exhibit characteristic bond stresses runcr in the range of 14 
to 17 MPa. 


17.4.5.3 The modification factor for adhesive anchor groups 
loaded eccentrically in tension, v|/ec,Na, shall be calculated as 


1 



(17.4.5.3) 


but \|/cc,iVa, shall not be taken greater than 1.0. If the loading 
on an adhesive anchor group is such that only some adhesive 
anchors are in tension, only those adhesive anchors that are 
in tension shall be considered when determining the 
eccentricity e'N for use in Eq. (17.4.5.3) and for the 
calculation of Nag according to Eq. (17.4.5.1b). In the case 
where eccentric loading exists about two orthogonal axes, the 
modification factor v|/ec,Na shall be calculated for each axis 
individually and the product of these factors used as v|/ec,Na 
in Eq. (17.4.5.1b) 


^ ^ 

laL^jVl 

^ ^ V ^ ^ 

^ aHaaII ^ACI 355.4 

jljh iiiUjl. 17.4.5.2 

44.all dilj diLalkllj diLu 17.4.5.2 

ACI 355.4 Jals jaaLul a IIj ‘17.8.2.1 >jllU 

(jA jjaaII ..VujlII ^ 

Jjjj ^ .17.4.5.2 

j£.‘^ *1 -ytj lajjAA fjA 42a 

13 ‘JlidI Ja^ Jc.. 17.4.5.2 (J JadI Oft 

JjUAjaJl ^ sjjiaAll ‘jjaaH ^ 42^1 jlaill j^Laaa .mm to 20 mm 

^ AAlklJll ijiC' »l ‘4*. ..yi 

14 ^ tjAAAll isAjh Jajkua 42 »5tfti ^uasja jA La2 4.2jaaaaa1| 

MPa. 17 J\ 


t^b^ j^LaaII 4fcjA.vJ aJhaII JaUa ‘.*“''^j17.'1.5.3 

'Vec.Na= 7 —(17.4.5.3) 


1 +- 


yjft JaalsaII 0^ 'j). 1.0 0^ 0^ \\lec,Na ‘ O^J 

‘lui iji JaiS 4L.d5Ul j^LaaII (Jaua 2!IaA 0>% ‘-u:kA j^Laa 

JaAaa 4aC lull ^ sJ^jaII 4L.d5Ul juLuaII ^ JaAS jlaill 

, ^jUlaII l..ua;\ Nag uIaa‘i2j (17.4.5.3) ^Ii^au5U e'N ja5UI 
^ ‘0jJaI*aa aijj^ Jji. t^jSjAV Jaaia 4JU. <^(17.4.5.lb) 
^Ia ^liiAul ‘ di^ \|/ec,Na ‘(JaiaaII JaUa uLa^ 

(17.4.5.1b) ^jI*a1i <^\|/ec,Na JaIjxH sja 


R17.4.5.3 Refer to R17.4.2.4. 


R17.4.2.4.t^! cf^jiR17.4.5.3 
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17.4.5.4 The modification factor for edge effects for single 
adhesive anchors or adhesive anchor groups loaded in 
tension, v|/ed,Na, shall be calculated as 

JjJxIII 17.4.5.4 

\|/ed,Na ^ .luLlb 44A^.Alj ^ ji 

h* Conji'w — Cjvo, then 1-0 (17.4.5.4ci) 

If Ca,mi„ < CjVo, then 'feiu^a = 0.7 + 0.3 (17.4.5.4b) 

^Na 

17.4.5.5 The modification factor for adhesive anchors 
designed for uncracked concrete in accordance with 17.4.5.2 
without supplementary reinforcement to control splitting, 
v|/cp,Na, shall be calculated as: 

4 rtmnrtl) j^Lui. 411 JjJxllI J.aljL.a ‘.*“''^jl7.4.5.5 

4 *S-v'4U .1*411 17.4.5.2 4 aa.ti 

jaall Jc- i ij/cp,Na 


If > Cac, then \\fcp,Na ^ 1 -0 

(17.4.5.5a) 

If Ca,mit3 Cac, tIl6D ^cp,Na 

(17.4.5.5b) 


but v|/cp,Na determined from Eq. (17.4.5.5b) shall not be 
taken less than cNa/cac, where the critical edge distance cac 
is defined in 17.7.6. For all other cases, v|/cp,Na shall be 
taken as 1.0. 

(> Jii 4ijj Vi (17.4.5.5b) (> J4aj v|/cp,Na 

17.7.6 cac 4iL»Ji 4iu.« jjjaj ^ liua. 4 cNa/cac 
.1.0 V|/Cp Na 4ijj (ji 1 - 1 ^ 


COMMENTARY 


R17.4.5.4 If anchors are located close to an edge, their 
strength is further reduced beyond that reflected in 
ANa/ANao. If the smallest side cover distance is greater than 
or equal to cNa, there is no reduction (v|/ed,Na = 1). If the 
side cover is less than cNa, the factor v|/ed,Na accounts for 
the edge effect (Fuchs et al. 1995; Eligehausen et al. 2006a) 

4 ^ 4^J^lj J^L444 a 11 4lljl£ I4|R17.4.5.4 

tiuLS |jl ANa / ANAO. o^4S»i»li liUj qm jxj'i j* u (j^alku 

ij\ 4 cNa i^jhu4J 0^ 4jlaaj 42L444.A ju^\ 

ed ‘ J-bdl (j)^ 4 cNa c> l^' (lUaill (jis IjjNa = 1). ‘cd ‘( 
. uJj^^Eligehausen s (Fuchs et al. 1995 jjjIj Na 

2006a) 
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17.5—Design requirements for shear ioading 

17.5.1 Steel strength of anchor in shear 


COMMENTARY 

R17.5—Design requirements for shear ioading 

R17.5.1 Steel strength of anchor in shear 


17 . 5 - 

jIawiaU 17 . 5.1 


^0^1 R17.5 

^ jIamiaU R 17 . 5.1 


17.5.1.1 The nominal strength of an anchor in shear as 
governed by steel, Vsa, shall be evaluated by calculations 
based on the properties of the anchor material and the 
physical dimensions of the anchor. Where concrete breakout 
is a potential failure mode, the required steel shear strength 
shall be consistent with the assumed breakout surface. 

^ jLaulaU AA.a.ujVl 17 . 5 . 1.1 

jIjuVIj jLaaaaII djLa .A-v C*,. .I*, J5t^ 4^ ^Vsd ^ 

. JaI-v a IxAJ jk jLawiaU 

,(jljlkbU jjAaI) 

17.5.1.2 The nominal strength of an anchor in shear, Vsa, 
shall not exceed (a) through (c): 

(a) For cast-in headed stud anchor 

V,a = A^,yf„a ( 17 . 5 . 1 . 2 a) 

O'* (Vsci ^ lA jIaaaaU AaaaaVI ^jHaI) Vi 5.1.2 

V,a = A^xfu.a ( 17 . 5 . 1 . 2 a) 

where Ase,V is the effective cross-sectional area of an 
anchor in shear, in. 2, and futa shall not be taken greater than 
the smaller of 1.9fya and 860 MPa. (b) For cast-in headed 
bolt and hooked bolt anchors and for post installed anchors 
where sleeves do not extend through the shear plane 

= 0 . 6 / 1 ,,.( 17 . 5 . 1 . 2 b) 

where Ase,V is the effective cross-sectional area of an 
anchor in shear, in.2, and futa shall not be taken greater than 
the smaller of 1.9fya and 860 MPa. 

(c) For post-installed anchors where sleeves extend through 
the shear plane, Vsa shall be based on the results of tests 
performed and evaluated according to ACI 355.2. 
Alternatively, Eq. (17.5.1.2b) shall be permitted to be used. 


‘ in .2 jUauiaU JLiiill jxll ^fatA'l ^Laa jjhi Ase,V‘~‘^ 

jj jUaaaU (u 860 MPa j 1 . 9 fya j»^i (> Vi futa j 

.tAOj V Cj|j j^LaaIIj ^ijll 

^JAAiA J5tk 

K„ = 0 . 64 „,r/.,<, ( 17 . 5 . 1 . 2 b) 

‘ in .2 jLaaiaU Jlxill jxll ^JotA.l) ^Uaa ^ Ase,V 

, 860 MPa . 1.9fya jk*Aai j^i iijj Vi futa j 

( ^jIaiA J5t^ JIjIaVI AaoJ J^LaiaU AaauILj 

-2 Cjjj^i iljljljAkVl 2 >a ^Ulll Vsa •tAAU (ji ‘.'yj 

_l^ljilA,b ( 17 . 5 . 1 . 2 b) idlj 0 - VJjACI 355 . 2 . 


R17.5.1.1 The shear load applied to each anchor in a group 
may vary depending on assumptions for the concrete 
breakout surface and load redistribution (refer to R17.5.2.1). 

C.j.UA-\ ^ jLaaAI j£l j>AkAAlAll Ja^ ‘ AiR 17 . 5 . 1.1 

( 42 ja^I ^aLaij^II jai£ ^cJaaa ^ iIjLAaljjSVI 

R 17 . 5 . 2 . 1 ). 


R17.5.1.2 The nominal shear strength of anchors is best 
represented as a function of futa rather than fya because the 
large majority of anchor materials do not exhibit a well- 
defined yield point. Welded studs develop a higher steel 
shear strength than headed anchors due to the fixity provided 
by the weld between the studs and the base plate. The use of 
Eq. (17.5.1.2a) and (17.5.1.2b) with 5.3 load factors and the 
4)-factors of 17.3.3 give design strengths consistent with 
AISC 360 The limitation of 1.9fya on futa is to ensure that, 
under service load conditions, the anchor stress does not 
exceed fya. The limit on futa of 1.9fya was determined by 
converting the LRED provisions to corresponding service 
level conditions, as discussed in R17.4.1.2. 

Eor post-installed anchors having a reduced crosssectional 
area anywhere along the anchor length, the effective cross- 
sectional area of the anchor should be provided by the 
manufacturer. Eor threaded rods and headed bolts, ASME 
Bl.l defines Ase,V 

where nt is the number of threads per inch. 


■^se.V — 



0.9743 ? 


AdAudVl R17.5 a1a2 

AJaij V ^ <Laa.\UJI fut^ ^ 

QA 

j^LaaI) djdjj (^^1 CjI^I j^UaaI) 

5.3 ^>*^1 17 . 5 . 1.2 (j. ( 17 . 5 . 1 . 2 a) 

AISC 3605 -> fiAAAaj LIaj 17 . 3.3 
V Jaa^j cAjjJa (Jla ^ iASIaII j* futa 1.9 0 ^ 

fya 1.9 (> futa AaJl jja^j ^ piA. jI-aala 

La£ i^IaaII ^jIaai i-Ajjia ijl] LRFD CP' 

R 17 . 4 . 1 . 2 <^ AjAaLIa ijjAj 


7C 


i-se.V' 




0.9743 


? 

/ 
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17.5.1.3 Where anchors are used with built-up grout pads, 
the nominal strengths of 17.5.1.2 shall be multiplied by a 
factor 0.80 

^ CjIJLujJ ^ *1 ^-v*;. .|1 ^ 17.5.1.3 

0.80 17.5.1.2 ^jlidi 

17.5.2 Concrete breakout strength of anchor in shear 

^ jIaulaU 17.5.2 

17.5.2.1 The nominal concrete breakout strength in shear, 
Vcb of a single anchor or Vcbg of a group of anchors, shall 
not exceed: 

t ^ AaamjVI ^jHaII Vi 17.5.2.1 

^J^LaaII (JA A£^^A^.a 1 Vcbg jLaaAaI Vcb 

a) For shear force perpendicular to the edge on a single 
anchor 

.1^1 J jLaaAA dj^ 

K,=^¥^yWr.yV,,y, (17.5.2.1a) 

A,. 

Ico 

(b) For shear force perpendicular to the edge on a group of 
anchors 

(17-5.2.1b) 

r«» 

(c) For shear force parallel to an edge, Vcb or Vcbg shall be 
permitted to be twice the value of the shear force determined 
from Eq. (17.5.2.1a) or (17.5.2.1b), respectively, with the 
shear force assumed to act perpendicular to the edge and 
with v|/ed,V taken equal to 1.0. 

oj% o' Vcbg j' Vcb jtAAAj 1 ajjIjaIi Sjil ^uaI'Ij ^^) 
‘b) 17.5.2.1) ji (17.5.2.1a) cy> SJJaAdl »ja Aaus Lix^a 

AaU^ Jaxj ^j^ajAXAll ^ 

.1.0 v|/ed,V5-»j 


COMMENTARY 


R17.5.2 Concrete breakout strength of anchor in shear 

^ jLaaaU 4JLa^jISa R17.5.2 

R17.5.2.1 The shear strength equations were developed from 
the CCD Method (refer to R17.3.2). They assume a breakout 
cone angle of approximately 35 degrees (refer to Fig. 
R17.3.2b) and consider fracture mechanics theory. The 
effects of multiple anchors, spacing of anchors, edge 
distance, and thickness of the concrete member on nominal 
concrete breakout strength in shear are included by applying 
the reduction factor of AVc/AVco in Eq. (17.5.2.1a) and 
(17.5.2.1b), and v|/eC)V in Eq. (17.5.2.1b). For anchors far 
from the edge, 17.5.2 usually will not govern. For these 
cases, 17.5.1 and 17.5.3 often govern. Figure R17.5.2.1a 
shows AVco and the development of Eq. (17.5.2.1c). AVco 
is the maximum projected area for a single anchor that 
approximates the surface area of the full breakout prism or 
cone for an anchor unaffected by edge distance, spacing, or 
depth of member. Eigure R17.5.2.1b shows examples of the 
projected areas for various single-anchor and multiple- 
anchor arrangements. AVc approximates the full surface area 
of the breakout cone for the particular arrangement of 
anchors. Because AVc is the total projected area for a group 
of anchors, and AVco is the area for a single anchor, there is 
no need to include the number of anchors in the equation. As 
shown in the examples in Eig. R17.5.2.1b of twoanchor 
groups loaded in shear, when using Eq. (17.5.2.1b) for cases 
where the anchor spacing s is greater than the edge distance 
to the near-edge anchor cal,l, both assumptions for load 
distribution illustrated in Cases 1 and 2 should be 
considered. This is because the anchors nearest to the free 
edge could fail first or the entire group could fail as a unit 
with the failure surface originating from the anchors farthest 
from the edge. Eor Case 1, the steel shear strength is 
provided by both anchors. Eor Case 2, the steel shear 
strength is provided entirely by the anchor farthest from the 
edge. No contribution of the anchor near the edge is then 
considered. In addition, checking the near-edge anchor for 
concrete breakout under service loads is advisable to 
preclude undesirable cracking at service conditions. If the 
anchor spacing s is less than the edge distance to the near¬ 
edge anchor, then the failure surfaces may merge 
(Eligehausen et al. 2006b) and Case 3 of Eig. R17.5.2.1b 
may be taken as a conservative approach. 

If the anchors are welded to a common plate (regardless of 
anchor spacing s), when the anchor nearest the front edge 
begins to form a failure cone, shear load is transferred to the 
stiffer and stronger rear anchor. Eor this reason, only Case 2 
need be considered, which is consistent with Section 6.5.5 of 
the PCI Design Handbook (PCI MNL 120). Eor determi 
nation of steel shear strength, it is conservative to consider 
only the anchor farthest from the edge. 
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jjiii 

COMMENTARY 

(d) For anchors located at a corner, the limiting nominal 
concrete breakout strength shall be determined for each edge, 
and the minimum value shall be used. 

However, for anchors having a ratio of s/cal,l less than 0.6, 
both the front and rear anchors may be assumed to resist the 
shear (Anderson and Meinheit 2007). For ratios of s/cal,l 

Jii 4 Jil ^Ludj^ 

greater than 1, it is advisable to check concrete breakout of 
the near-edge anchor to preclude undesirable cracking at 
service conditions. Further discussion of design for multiple 

Factors v|/ec,V, v|/ed,V, v|/c,V, and \|/h,V are defined in 
17.5.2.5, 17.5.2.6, 17.5.2.7, and 17.5.2.8, respectively. Vb is 
the basic concrete breakout strength value for a single 
anchor. AVc is the projected area of the failure surface on 
the side of the concrete member at its edge for a single 
anchor or a group of anchors. It shall be permitted to 
evaluate AVc as the base of a truncated half-pyramid 
projected on the side face of the member where the top of the 
half-pyramid is given by the axis of the anchor row selected 
as critical. The value of cal shall be taken as the distance 
from the edge to this axis. AVc shall not exceed nAVco, 
where n is the number of anchors in the group. AVco is the 
projected area for a single anchor in a deep member with a 
distance from edges equal or greater than 1.5cal in the 
direction perpendicular to the shear force. It shall be 
permitted to evaluate AVco as the base of a halfpyramid with 
a side length parallel to the edge of 3cal and a depth of 
1.5cal 

A,.^ = 4.5(c,iy (17.5.2.1c) 

j 17.5.2.5 t|/h,V j \|/ec,V, \|/ed,V, \|/c,V‘^^l*^l 

^Vb 17.5.2.8 j 17.5.2.7 j 17.5.2.6 

AaSjIaII 4jAAVc 

jl Ale 

‘ AVc (ji *T^. ^ ^ 

IjA ^^UaCl ^ c 

, dAjA^ ^ ^aII jIaulaII ‘ ‘ 

Iaa 4.21^1 (jji 4.2Laa£ cdl 

AVco ^ jac ja n nAVco ‘ AVc 

AjjLaa 4 . 2 L 4 AA ^ ^ A^lj jIauiaI 

jujku iji ^ aaUIaIi sIaAVI 1.5cnl ji 

3cal Li-ail (jaLaIsavCO 

1.5cal 

anchors is given in Primavera et al. (1997). For the case of 
anchors near a comer subjected to a shear force with 
components normal to each edge, a satisfactory solution is to 
check independently the connection for each component of 
the shear force. Other specialized cases, such as the shear 
resistance of anchor groups where all anchors do not have 
the same edge distance, are treated in Eligehausen et al. 
(2006a). The detailed provisions of 17.5.2.1(a) apply to the 
case of shear force directed toward an edge. When the shear 
force is directed away from the edge, the strength will 
usually be governed by 17.5.1 or 17.5.3. 

The case of shear force parallel to an edge is shown in Fig. 

CCD (^j^ Cfi A^ajHa iIiVaUla f»jR17.5.2.1 

35 u^\ Aj^j oiajAjj <^jR17.3.2). 

liuliAA ^jlaj ^ jlaillj R17.3.2b) 

4 . 2 L 4 AA t j^LaaII 4.2Uaa1)j tdAAiLlAlj j^LulaII juj ^ .JaaSI) 

(JA ^ AaAAaVI AaAAaVI JAa£ dj2 iiLoAAj 

j Eq. (17.5.2.1a) J AVc / AVCO a^aAiiill J-l* J5U. 

lA^ j^LaaII J\ in Eq. (17.5.2.1b). ‘i|/ecjb) 17.5.2.1) 

17.5.3 j 17.5.1 ‘biVLadl »4l 0 ^ »Al* 17.5.2 Cfi 

j R17.5.2.1a AVco (> 

jI.aaa.a 1 AAijAAlj ^L4 a.a 11 A^l ^C). AVcO 17.5.2.1) .^AIjlaII 

bjj-v jj JaI£11 jaa£1) j^AiIaI Aj-vl. 1 . .itl ^bA.All ujl^ dA^lj 

-2-5-17 J^aaII ^^aIsjJ .jAdxll (JaC ji ACUaII ji ^Laaj jjIaa 

AAaaJaIIj ^IaII CjU^JaII t flt'.-VAt 4 jl2j1a 11 .jbl *A\t U 1 

uujaU jIai^aaII Isjj^-aI ^bl<\l .|\I ^UaA AVc .SAAsHaII 

(JA ^^^A^-a1 ^Ia^VI ^ba..iAtt ^LaaI) ^ AVc .j^UaaU ^jax-aII 
4.^1^ iilLlA CUAjl (dA^lj jIaaAaI 4.^Laa1) AVco J *• J^bAAll 

^ dAjl^l La£ .^aIaaII ^ j^LaaII AA& ^jjaaIaII 

.JaIxaII ^).v-\ua) aIc 1 (j^aII ^ jLaaaa ^_^a&ja-\a1. R17.5.2.1b J^aaII 
JibAA oa jjSi (ibAj jVl 4ibAA ujSj ibVladlb) 17.5.2.1) 

(jA j£ ^ jl^l ‘1‘ cal^^l 0^ jLaaaaII ijl] 

Ay,„ = 4.5{c,,y (17.5.2.1c) 

IjA ,2j 1 

ji Sfji a^ dj^i ujfiVi 

Where anchors are located at varying distances from the edge 
and the anchors are welded to the attachment so as to 
distribute the force to all anchors, it shall be permitted to 
evaluate the strength based on the distance to the farthest row 
of anchors from the edge. In this case, it shall be permitted to 
base the value of cal on the distance from the edge to the 
axis of the farthest anchor row that is selected as critical, and 
all of the shear shall be assumed to be carried by this critical 
anchor row alone. 

j^jj ^ ^2 JS 

^ ^ JxjVI jLawlaI) 

4t^J (j.a jIawmII jUj&I 

Cjlil.A.u.a Clul£ IjI cijjia ^ 

4^l^l jIawLaII Jsi $ ^IaAIJjVI 

(> 3 JJUJi jbiftl oWi (Eligehausen et al. 2006b) JAil' 

^jA^l^l Cuis IjI R.17.5.2.1b 

jLawlaII La.llfr 4$^ jLaa.>ia1| 

^ AjjLila (JjliL4.u.a Loj^j 

4J^U.ik4l) djil) i^\ 

^ ^1 ^LkuaII fUj djil) 

^ Cdl dJ&Uj 4^1^) 

f J£ ^ ±uV 

(3*^ ^ *■ Jajj^ JaSa^ ^ A^LaVl ujfiVI 

2 ^ 4L-UAA4il J^Sfl JajJAll 

^ La tJaiS 

0^1 jj-iaLll PCI (PCI MNL 120). u- 6.5.5 

.^1^1 ^ jLawm ^ 
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0^ ^0.6 0*^ ^ AjmuIIj 4iillj 

(Anderson A^LaVl ^ ^ ^jla jILaI) 

c> ‘1 6^ j^il 4 s / calv*^ V^^and Meinheit 2007). 

^IaI ^ ujllL jm 4£ QMi&aA.ibAl) 

j^LwiAl) d,ixl ^ ,^.1^) cijjia ^ ujfrj.4ll 

^ .(1997) .UJJ^^J '^Jd 

J^l 4^1^ Jil (JjUjLa CjIJ (ja& djil A^jxa ^jlj 

^jlLa CjU^^La ^ U-.^^ JilwM jLwu jJ^ 

V ^jlLa 44 .a^a^^JLaI) ^j&Vl CjVI>^) 

^ ^A.A J.aljull ^ ^Lum j^Lwia!) 

^ jjjljll 4. jlurai'' , ' l f>lL».Sll Jj^Eligehausen et al. (2006a). 

^ La.il& ,^L^I (^^) 17.5.2.1 

17.5.1 ^ ^ 9J^I l-a 9Jl£ (jc 9j2 

.17.5.3 ji 


R17.5.2.1c. The maximum shear force that can be applied 
parallel to the edge, VII, as governed by concrete breakout, is 
twice the maximum shear force that can be applied 
perpendicular to the edge, V-*-. A special case can arise with 
shear force parallel to the edge near a corner. In the example 
of a single anchor near a corner (refer to Fig. R17.5.2.1d), 
the provisions for shear force applied perpendicular to the 
edge should be checked in addition to the provisions for 
shear force applied parallel to the edge 


i JilaJl ^ (_yflAll 9jaR17.5.2.1c. 

iji ‘ LaS ‘V II 

9j 2 ^ 4..idLk (jLuV~^. ‘ *d 0^ 

(jA ujlllj jlAui.a Jll. Ajjljll (jA ujUlj AjjI^ 

Jja SajyA ijA jiaall i_i^ i R17.5.2.1d) t^'j) 

^ 9 j 2 I3JJ.U ^LuaVtj Ajjlxdl 

^Ull 


The critical edge 
distance for headed 
studs, headed bolts, 
expansion anchors, 
and undercut 
anchors is 1. 5c, 1 


Edge of 
concrete 



Center of 
anchor where 
it crosses the 
free surface 



Fig. R17.5.2.la—Calculation of AVco. 
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If/Ja< I .SCai 




^vc ~ 2(1 SCg^ ^)/>a 

If /7a < 1.5Cai 


lfCa2< 1.5Cai 



Ca2 1 -SCai 

= 1.5Cai(1.5Cai + Ca2) 


If/7a< 1.5Cai and S, < 3Cai 


Case 1: One assumption of the 
distribution of forces indicates 
that half of the shear force would 
be critical on the front anchor and 
the projected area. For the 
calculation of concrete breakout, 
Cal is taken as Cai.i 


^al.17 / \^ 

i /Cal ? 

^ li t- 

1- ^1 t . 


1 -/ 7 , 



1.5Cai S, 1.5Cai 

^vc ~ [2(1.5Cai) + Si]/7a 


^vc “ 2 ( 1 .5Cai, 2)^3 
lf/7a< 1.5Cai 

Case 2; Another assumption of 
the distribution of forces indicates 
that the total shear force would 
be critical on the rear anchor and 
its projected area. Only this 
assumption needs to be 
considered when anchors are 
welded to a common plate 
independent of s For the 
calculation of concrete breakout, 
Cal is taken as c,^ 2 


Fig. R17.5.2.1b—Calculation of Avc for single anchors and 
groups of anchors. 


Avc R17.5.2.1b - 

Note: For s £ Cai,i, both Case 1 
and Case 2 should be evaluated 
to determine which controls for 
design except as noted for 
anchors welded to a common 
plate 



~ 2(1.5Cai,i)/7a 
lf/7a< I.SCai 


Case 3: Where s < Cai,i, apply the 
entire shear load l/to the front 
anchor. This case does not apply for 
anchors welded to a common plate. 
For the calculation of concrete 
breakout, c,i is taken as Cji v 


Fig. R17.5.2.1b Calculation of K,cfor single anchors and 
groups of anchors. 
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Edge 



t 


l 

I 

V 


Fi§. RlJlllc Skcs'force pmlkl to an edge, 



Fig. R17.5.2.1d—Shear force near a corner. 

jll 0- 0^1 Sja. R17.5.2.1d -1 


17.5.2.2 The basic concrete breakout strength in shear of a 
single anchor in cracked concrete, Vb, shall be the smaller of 
(a) and (b): 


jill (jljikVI (jjSj (ji 17.5.2.2 

j (jA (Vb ^ AjLujj^I ^ jLamlaI 


(a) K 


f 

0.6 ■ 


V ^<.2 


(17.5.2.2a) 


R17.5.2.2 Like the concrete breakout tensile strength, the 
concrete breakout shear strength does not increase with the 
failure surface, which is proportional to (cal)2. Instead, the 
strength increases proportionally to (cal) 1.5 due to size 
effect. The strength is also influenced by the anchor stiffness 
and the anchor diameter (Fuchs et al. 1995; Eligehausen and 
Balogh 1995; Eligehausen et al. 1987/1988, 2006b). The 
influence of anchor stiffness and diameter is not apparent in 
large-diameter anchors (Lee et al. 2010), resulting in a 
limitation on the shear breakout strength provided by Eq. 
(17.5.2.2b). 

The constant, 7, in the shear strength equation was 
determined from test data reported in Euchs et al. (1995) at 
the 5 percent fractile adjusted for cracking. 
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where f e is the load-bearing length of the anchor for shear: 
fe = hef for anchors with a constant stiffness over the full 
length of embedded section, such as headed studs and 
postinstalled anchors with one tubular shell over full length 
of the embedment depth; fe = 2da for torque-controlled 
expansion anchors with a distance sleeve separated from 
expansion sleeve, and fe < 8da in all cases. 

^ = hef jIauiaU ^ (e 

CjIJ J^UaA tdAl£llj ^laiAll dpl.4A^ 

(3^ Jjia JaIS ^jlC’ ^ ^ j^Uaaj 

^Axujlll j^LaaI {g = 2 da 
^lA-^ ^ (g < 8dU J (JiIaaII a A ^.sUaaj ^^.ILA 


ih)V, = 3.7X,^'ic,,y-^ ( 17 . 5 . 2 . 2 b) 


COMMENTARY 


^jHa i Adi ^jIaaI AjaaHL JIaJI ja tA£]^X 7 . 5 . 2.2 

(cul) ^ I'ij ^aII ( jAAil) ^ Jbjj V 
. ^(cul) 1.5 (_^\ tj^Lu ^jHaII Jbjj iiillj ijM Vaj2. 

(Fuchs et Ul. jtAAAAll jb^j jLaaaaII UasjI ^ajIaaI) 

Eligehausen et al ^ Balogh 1995 j Eligehausen ^1995 
j^LaaII ^ u>aj jLaaaaII j2b V2006b). ‘1987/1988 
jaaS sjs ^a AaJi ijl] Laa i (Lee et al. 2010) 

Eq. (17.5.2.2b).Ujaj2 

^ (jA ^jUa ^jIxa ^ 4 7 ‘ C^bll ^ 

4 dij»j fractile 5 Fuchs et al. (1995) 


17.5.2.3 For cast-in headed studs, headed bolts, or hooked 
bolts that are continuously welded to steel attachments 
having a minimum thickness equal to the greater of 3/8 in. 
and half of the anchor diameter, the basic concrete breakout 
strength in shear of a single anchor in cracked concrete, Vb, 
shall be the smaller of Eq. (17.5.2.2b) and Eq. (17.5.2.3) 


jl 4 4t *J\-V A\t J^IaAaII 4 A 4jjU jLaaAaU 4^aa111j 17.5.2.3 

(IjIaaAaj jjUMiA dS.4^ a1-v\ ^ A2jSxa1) j^IaaaII 

1^X5^ ‘ jIaiaaaII jiaS ‘ 8/3 CH i.^1aaa1i\ fjAS^\ 

4tjL4Ajkil A^lj jLaaAaI ^ ‘ULaJaH AaaaIaaVI ‘LajIAA 

(17.5.2.3)j. (17.5.2.2b) u- >Asi 4Vb ‘ Aii4ildl 




0.66 


/ \0-2 
^ i. 


t' 


(n.5A3) 


where fe is defined in 17.5.2.2 provided that: 

(a) For groups of anchors, the strength is determined based 
on the strength of the row of anchors farthest from the edge 

(b) Anchor spacing s is not less than 2.5 in. 

(c) Reinforcement is provided at the corners if ca2 < 1.5hef 

;(ji Ljaaj 17.5.2.2 (e ^ 

‘LajHa pUj ‘LajHaII JjAaj ^ 4j^L4A.dl Qa a\ ^^uaIIIj (I) 

^ AuVl J^L4AAlj (JA ‘ 

2.5 Cfi s j^IaaaII ^LaaaI) V (u) 
ca2 < 1.5hef 1^! J ^Aluulj ^ (^) 


R17.5.2.3 For the case of cast-in headed bolts continuously 
welded to an attachment, test data (Shaikh and Yi 1985) 
show that somewhat higher shear strength exists, possibly 
due to the stiff welding connection clamping the bolt more 
effectively than an attachment with an anchor gap. Because 
of this, the basic shear value for such anchors is increased 
but the upper limit of Eq. (17.5.2.2b) is imposed because 
tests on large diameter anchors welded to steel attachments 
are not available to justify any higher value than Eq. 
(17.5.2.2b). The design of supplementary reinforcement is 
discussed in CEB (1997), Eligehausen et al. (1997/1998), 
and Eligehausen and Fuchs (1988). 

JAI 4 AA d^. 4 Aj Ai-vt ^ ‘tAAAllljHl 7 , 5 .. 2.3 

h>j\lA (ji (1985 Shaikh and Yi ) jrijkVl cjUU 4 SiadA 

iajjj ^jaaIaII JIa^I liUj ‘ 

^ 4IAA I.AJAAJJ. jIaaAaI ^ ^Ui JaSI J^IaAaII 

. ^IIa (ja AaJi (jdlj j^IaaaI) dAA JaaI AaaaIaaVI ^*^^5 

AAjadA jlaill i j^IaaaII 4 I 4 IjUjiVI (jV (j^jAA(17.5.2.2b) 

. JjI&aII (ja u ^'\ ‘La^ JAJ^ SjAjIa CjI^jaI 

‘ CEB (1997) J JaaSaIi'j^Iaa:!!! ^aaa^ ^AiaLlA ‘::«2(17.5.2.2b). 
Fuchs j Eligehausen j ‘Eligehausen et al. (1997/1998) 

(1988) 
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17.5.2.4 Where anchors are located in narrow sections of 
limited thickness such that both edge distances ca2 and 
thickness ha are less than 1.5cal, the value of cal used for 
the calculation of AVc in accordance with 17.5.2.1 as well as 
for the equations in 17.5.2.1 through 17.5.2.8 shall not 
exceed the largest of: 

(a) ca2 /1.5, where ca2 is the largest edge distance 

(b) ha/1.5 

(c) s/3, where s is the maximum spacing perpendicular to 
direction of shear, between anchors within a group 

iilAUJ CjU ^ ^ J^LuLAlj 17.5.2.4 

‘ l.Scal ha csi2 ijm Js 

AjmuIIj 17.5.2.1 4 AVc cal 

U jS\ jjUi Vi 17.5.2.8 17.5.2.1 J cjVjU-4 

4iLaAl SiUjw j^i ^ ca2 *4^ i ca2 / 1.5(i) 

ha /1.5 (‘j) 

(jm i ^ Xabfcld j&Lj s i $ / 3(^) 


COMMENTARY 

R17.5.2.4. For the case of anchors located in narrow sections 
of limited thickness where the edge distances perpendicular 
to the direction of load and the member thickness are less 
than 1.5cal, the shear breakout strength calculated by the 
basic CCD Method (refer to R17.3.2) is overly conservative. 
These cases were studied for the Kappa Method 
(Eligehausen and Fuchs 1988) and the problem was pointed 
out by Lutz (1995). Similar to the approach used for concrete 
breakout strength in tension in 17.4.2.3, the concrete 
breakout strength in shear for this case is more accurately 
evaluated if the value of cal used in the equations in 17.5.2.1 
through 17.5.2.8 and in the calculation of AVc is limited to 
the maximum of two-thirds of the larger of the two edge 
distances perpendicular to the direction of shear, two-thirds 
of the member thickness, and one-third of the maximum 
spacing between anchors within the group, measured 
perpendicular to the direction of shear. The limit on cal of at 
least one-third of the maximum spacing between anchors 
within the group prevents the use of a calculated strength 
based on individual breakout prisms for a group anchor 
configuration. This approach is illustrated in Fig. R17.5.2.4. 
In this example, the limiting value of cal is denoted as c' al 
and is used for the calculation of AVc, AVco, (Ji ed,V, and 
(J) h,V as well as for Vb (not shown). The requirement of 
17.5.2.4 may be visualized by moving the actual concrete 
breakout surface originating at the actual cal toward the 
surface of the concrete in the direction of the applied shear 
load. The value of cal used for the calculation of AVc and in 
the equations in 17.5.2.1 through 17.5.2.8 is determined 
when either: (a) an outer boundary of the failure surface first 
intersects the concrete surface; or (b) the intersection of the 
breakout surface between anchors within the group first 
intersects the concrete surface. For the example shown in 
Fig. R17.5.2.4, Point A shows the intersection of the 
assumed failure surface for limiting cal with the concrete 
surface 
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^Wa^\t ^ 5.2.4. 

jA^axll ^LftA.uj Ja^I dl^l ^ dAdUld ^1^1 ^LauiI) 

CCD^j^ (jljii! Sjfl t call.5 u^ 

aIa Cloj .iaji.a R17.3.2) ^U) 

Lf^l Sjl-^V' Fuchs 1988) j Kappa (Eligehausen ^jiaJ 

Jljli.1 9jil flikluiAll jljft ylft Lutz (1995). 4ji4L»ll 

4JLj jiJl (jljjil ajS ^ ‘17.4.2.3 C5^ 

^ c1iV<3U-a 1| ^ cal Cull Gl JIa^ 

^Sfl ^\ js- AVc u- Jj 17.5.2.8 J\ 17.5.2.1 

4 jCaxI) iiloMt 4Q^iI) dl^V IjJ.^^. 4& AlL^l A1 Lw 4.4 ^ j^l yriA^ 

^ ^ >^1 cal u! dl^V 

^1 ljUlbul J^lJ j^LwiaII 

jLftMU 

-1 cal iaJl a jL4iVl ^ 4jli4ll IJA ^ R17.5.2.4. 

V j \i/h j V j \|/ed j AVco j AVc if-ilcLuji ^c'al 

Jjjia ^jc. 17.5.2.4 CiUikLa Vb (<^1 

^JaA^u cal U^ jLwiljVl 

AVc cal ^ aL^I (_gk 

^liL (i) :U.i:& 17.5.2.8 J\ 17.5.2.1 6- ^VjU^I Jj 

^Jaa^u jI ‘4JLuuj^| ^JaAad ^ Vjl Jaa&II ^lIsaaI 

AjaauHj ^ciflAad Sfji ^.JA^aII J^b J^IaAaII 

^daAu A AJ^H) 4 R17.5.2.4j^^) JIaaU 
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Plan Sxlesedion 


1, The actual c^=300 mm 

2, The two edge distances as well as h, are all less than 1.5c^. 

3, The llmhing value of (shown as c'^ in the figure) to be used for the 
cabilation of 4 and in the equations 17.5.2,1 through 17.5.2.8 is 
determined as the largest of the Mowing: 


(c,iJ/1,5=(175)/1.5=117mm 
(Ii,)f1,5=(200)11,5=133 mm (controls) 

5/3= 113(230)=75 mm 

4. Forte case. Au and fnv are determined as follows: 

4=(125 + 230+ 175)(1.5)(133)=105,735mm^ 

A>„=4,5(133)^=79,600mm“ 

frtr 0.7+0.3(125)1133=0,98 

tPftif=1.0 because c,i=(lij)ll ,5. Point A shows the intersecfion of the assumed 
failure surface with the concrete surface that establishes the limiting value of Cji. 



Fig. Emk ofskv wfere /xki m taed in mw wkrj 

kidUm. 


iktafEanch® groups loaded 
shallbecalc'iatedas 



(17.525) 


Tfif&ar 1 (\ 


RlliJi This sectia provides a modlcaiia kor 
fff an eccffluic shear force toward a edge a a group of 
aacMS. If die shear force aginates above die plane of die 
cacete s'jr&e, the shear should febe resolved as a shear 
in die plaaeofMconiies surface,widiamoirieattk may 


die normal«. Figure R17.525 defines die term Ff fa 
calrulaung ieipjtcmodificatia ta that acco'unts fa die 


Ivutf fW mAfft /ikflAf lA fA AnA MAhAf fT^An ArTtftm 


R17.5.2.4—Example of shear where anchors are 
located in narrow members of limited thickness. 


Fig. 
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17.5.2.5 The modification factor for anchor groups loaded 
eccentrically in shear, v|/ec,V, shall be calculated as 


¥„.r = 



( 17 . 5 . 2 . 5 ) 


but v|/ec,V shall not be taken greater than 1.0. If the loading 
on an anchor group is such that only some anchors are loaded 
in shear in the same direction, only those anchors that are 
loaded in shear in the same direction shall be considered 
when determining the eccentricity of e^ V for use in Eq. 
(17.5.2.5) and for the calculation of Vcbg according to Eq. 
(17.5.2.1b). 


ijjec,V ‘ oflih 


¥„.r = 



( 17 . 5 . 2 . 5 ) 


JjAaill ijl. 1.0 t>a iijj Vi \|/eC,Vu^ 

(JJtij ^ y (JdSXJ ^ ^.lll (JA j,mLaa 

(jA&j ^ ^ ^ ,.^1 j,uLaa 1| ^ la^ jlklll 

(17.5.2.5) 5JjIjia 1I ^ j.liiA*A5U e'V -1 ja 5UI jjjaJ Ale. sUiVl 
. (17.5.2.1b)^J¥^ liaj Vcbg 


R17..5.2.5 This section provides a modification factor for an 
eccentric shear force toward an edge on a group of anchors. 
If the shear force originates above the plane of the concrete 
surface, the shear should first be resolved as a shear in the 
plane of the concrete surface, with a moment that may or 
may not also cause tension in the anchors, depending on the 
normal force. Eigure R17.5.2.5 defines the term e' V for 
calculating the (p ec,V modification factor that accounts for 
the fact that more shear is applied to one anchor than others, 
tending to split the concrete near an edge. 


Ajj£ ^.^R17.5.2.5 

^IaaaII lAj, j^UaaII fjA ^ 

, AjuajIaII IaLaj&I ( j^LaaII ^ Aaa lllaji V ji 

V j i|/ec (JaIjia uLa^ e'V jiI^a^aH R17.5.2.5 J5.*a 11 uij»j 

4ajI^ dA^lj jIaaaa (JA AjjaII (3:ulaj ^ 4 aI J^.a1j ^aII 

,4.21^1 ijji uj^lj AjLAjkll *j. Laa 

-^- 


Edge of 
concrete¬ 







/ U ' 

vry 



s/2 




s/2 


Plan 


Eig. R17.5.2.5-Definition of s' V for a group of anchors. 

R17.5.2.5 - 
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17.5.2.6 The modification factor for edge effect for a single 
anchor or group of anchors loaded in shear, \i/ed,V, shall be 
calculated as follows using the smaller value of ca2. 


^ jLawlaI J.4IX.4 .2.6 

\|/6d,V ^ 

ca2.i>* j*-*-aVl 

if ^^ti 2 then 1.0 {17.5.2.6a) 


If Ca2 < l.Scai, then y(.</r= 0.7 + 0.3 (17.5.2.6b) 


17.5.2.7 For anchors located in a region of a concrete 
member where analysis indicates no cracking at service 
loads, the following modification factor shall be permitted 

ill c,V = 1.4 


For anchors located in a region of a concrete member where 
analysis indicates cracking at service load levels, the 
following modification factors shall be permitted: v|/c,V =1.0 
for anchors in cracked concrete without supplementary 
reinforcement or with edge reinforcement smaller than a No. 
13baryc,V= 1.2 

for anchors in cracked concrete with reinforcement of a No. 

13 bar or greater between the anchor and the edge yc, V =1.4 
for anchors in cracked concrete with reinforcement of a No. 

13 bar or greater between the anchor and the edge, and with 
the reinforcement enclosed within stirrups spaced at not 
more than 100 mm. 


jjmu ^ ^ 17.5.2.7 

Jjjftlll JaIxa 


V = 1.4 ‘ y c 


• JjJjlHI JaIxa «.t ^LAaAJ (.llljjluiA ^ 

^ ji ^Lual A^iAAiAlj ^Lyuj^l ^ j^IaaaU \j/c,V = 1.0 

\j/C,V = 1.2 13 

jLa4AaI) jl 13 ^ AiiJuAl} AjUiUJ^I j^UaaU 

\|/C,V = 1.4 

jIaaaaI) 13 Ai&AaaIaII 

100 mm. d.^1^ iiiljmi AULoll 4 
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17.5.2.8 The modification factor for anchors located in a 
concrete member where ha < 1.5cal, v|/h,V shall be 
calculated as 

(17.5.2.8) 

but \|/h,V shall not be taken less than 1.0. 

^ J. 4 IJL 4 ^ 17.5.2.8 

ffji '|/h,V ‘ ha <1.5cal oi^ 

(17.5.2.8) 

.1.0 6 ^ Jsi iijj Vi i|jh,V 


17.5.2.9 Where anchor reinforcement is either developed in 
accordance with Chapter 25 on both sides of the breakout 
surface, or encloses the anchor and is developed beyond the 
breakout surface, the design strength of the anchor 
reinforcement shall be permitted to be used instead of the 
concrete breakout strength in determining cftVn. A strength 
reduction factor of 0.75 shall be used in the design of the 
anchor reinforcement 

25 jIaulaII ^ 17.5.2.9 

(. .. jLoaAaII ji i 

it 

^ 0.75 J.al9L.a (|)VN 


COMMENTARY 


R17.5.2.8 For anchors located in a concrete member where 
ha < 1.5cal, tests (CEB 1997; Eligehausen et al. 2006b) have 
shown that the concrete breakout strength in shear is not 
directly proportional to the member thickness ha. The factor 
v|/h,V accounts for this effect 

jUiA c;ul£ ^ j^UaaII ^tjAAllljKi7. 5.2.8 

Eligehausen et al ^ (CEB 1997‘^Ul^'il' ‘ <1.5cal 

lilAu ^ i jaiUa UiUAirij V ^ ^LuiajA ul2006b) 

j^Uil cjIjLa^V ‘ \|/h 


R17.5.2.9 Eor conditions where the factored shear force 
exceeds the concrete breakout strength of the anchor(s) in 
shear, or where the breakout strength is not evaluated, the 
nominal strength can be that of anchor reinforcement 
properly anchored, as shown in Eig. R17.5.2.9a and Eig. 
R17.5.2.9b. To ensure yielding of the anchor reinforcement, 
the enclosing anchor reinforcement in Fig. R17.5.2.9a should 
be in contact with the anchor and placed as close as 
practicable to the concrete surface. The research 
(Eligehausen et al. 2006b) on which the provisions for 
enclosing reinforcement (refer to Fig. R17.5.2.9a) are based 
was limited to anchor reinforcement with maximum diameter 
similar to a No. 16 bar. The larger bend radii associated with 
larger bar diameters may significantly reduce the 
effectiveness of the anchor reinforcement and, therefore, 
anchor reinforcement with a diameter larger than No. 19 is 
not recommended. The reinforcement could also consist of 
stirrups and ties (as well as hairpins) enclosing the edge 
reinforcement embedded in the breakout cone and placed as 
close to the anchors as practicable (refer to Fig. R17.5.2.9b). 
Generally reinforcement spaced less than the lesser of 0.5cal 
and 0.3ca2 from the anchor centerline should be included as 
anchor reinforcement. In this case, the anchor reinforcement 
must be developed on both sides of the breakout surface. For 
equilibrium reasons, an edge reinforcement must be present. 
The research on which these provisions are based was 
limited to anchor reinforcement with maximum diameter 
similar to a No. 19 bar. Strut-and-tie models may also be 
used to design anchor reinforcement. Because the anchor 
reinforcement is placed below where the shear is applied 
(refer to Fig. R17.5.2.9b), the force in the anchor 
reinforcement will be larger than the shear force. In sizing 
the anchor reinforcement, use of a 0.75 strength reduction 
factor cf) is recommended as used for shear and for strut-and- 
tie models. As a practical matter, the use of anchor 
reinforcement is generally limited to cast-in anchors 
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jljiiVI Sja u^\ Sja jjLaJu CiVbJl JR17.5.2.9 

^ ^ ^ jlAukoII 

( Jlwu AjjIaII jLamiaII A-jaujVI djill (j,^^ (ji 0^^ ^ 

OUJal. R17.5.2.9b. R17.5.2.9a J 

^ jIamIaI} ^ jLawLaI} Ajjij ^jlC’ 

(jS-M (jl£-a tjjfli L^jiJajj jIauiaII ^ JU^l R17.5.2.9a 

(Eligehausen et al. 2006b) j-aSai jaj ^ 

R17.5.2.9a) j <J^» j( ^ 

djA^i) * J ,15 ^J JjLaa jiad ^ jLaiaaII 

jLauiaI) ^ulwu 4^1x2 ^ cAuia^l jUasL J^^)aI| j^Vl ^_^J1^1a^jV1 

^1 ,19 ^J ^uLaj ^-^*j V ^Ulbj 

^ ^aamaaII ^ulyiij AISja ClUaljjj CjUIS ^ 

^ ^A^ J^IaAaI) £)A AjjIa iajj^ 

(jA jSi Jl*aj ^lA4a11i qaaJsII ^ (j\ R17.5.2.9b). ^j 

dJA ^ ,jLa*aa11 -lajjli ial c>‘ca2 0.3 jcal 0.5 u^ J^i 

,^ljil^Vl jLaaAaII ^uLaJ 

Aa1& ,^l^j iilUA (ji 

.19 ^J (^Iaa jiad ^ jIawiaII ^uLaj dJA 

Ij^ ,jLa4aaI1 ^uLaj iabjllj ^jIaj ^Ij&aauI U^l 

i R17,5.2.9b) Jiuui c"ajml! 4_al£J 

.lj.1^ ^ U^ jLaauaII ^Auu ^ djill 

^ IaS 0.75 JaIxA ^-^*J i jLawLaII ^lA4AJ 

fA.^it^e. ^Laa£ ^Ij2j ^ ^jLaIaUj 

^^^^LhUIaII cJ^*^ jLai 4AA ^uluA ^IiI^IIauI 
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Section A-A 


Fig. R17.5.2.9a—Hairpin anchor reinforcement for shea 

R17.5.2.9tl - 
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17.5.3 Concrete pryout strength of anchor in shear 

^ jLauiaU SjLjijaJl pryout 17.5.3 

17.5.3.1 The nominal pryout strength, Vcp for a single 
anchor or Vcpg for a group of anchors, shall not exceed: 

(a) For a single anchor 

Vcp = k,pN,p (17.5.3.1a) 

For cast-in, expansion, and undercut anchors, Ncp shall be 
taken as Neb determined from Eq. (17.4.2.1a), and for 
adhesive anchors, Ncp shall be the lesser of Na determined 
from Eq. (17.4.5.1a) and Neb determined from Eq. 
(17.4.2.1a). 

(b) Eor a group of anchor 

ji jU^ Vcp ‘ pryout Sji JjLaS Vi 17.5.3.1 

: (JA 4£^^a^a 1 Vcpg 

J jLauIaI (i) 

Vcp = k,pKp (17.5.3.1a) 

Ncp AjLwdjllj j ^ 

i ^(17.4.2.Id) Neb ^ 

(> Neb j(17.4.5.1a) (> J-iaj Na (> J^i Ncp uJ% 6' 

^ (v) (17.4.2.Id) 


COMMENTARY 





Plan 

V 



reinforcement for shear. 

jU4AAh j 4iLaJi juLaj. R17.5.2.9b -1 

R17.5.3 Concrete pryout strength of anchor in shear 

(jAaill ^ jLaaaaU pryout ^jli«R17.5.3 

R17.5.3.1 Euchs et al. (1995) indicates that the pryout shear 
resistance can be approximated as one to two times the 
anchor tensile resistance with the lower value appropriate for 
hef less than 65 mm. Because it is possible that the bond 
strength of adhesive anchors could be less than the concrete 
breakout strength, it is necessary to consider both 17.4.2.1 
and 17.4.5.1 for determination of the pryout strength 

SaijIaa tJjjAj 0^ ''^i Ji4iR17.5.3.1 Fuchs et al. (1995) 

J ^.^UaII ^ LljUAa 2 1 AjaaL 

AikaiUl j^LaaII 4jajlj sjS (jl ^jiAAll Qm AjV .mui 65 (iH J^iHf 

(jA (j£ ^ jlalll jjaS JjLAjill ^jUa (ja Jsi 

pryout 17.4.5.1 j 17.4.2.1 
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= k M 

' cpg •'cp^^cpg 


(17.5.3.1b) 


For cast-in, expansion, and undercut anchors, Ncpg shall be 
taken as Ncbg determined from Eq. (17.4.2.1b), and for 
adhesive anchors, Ncpg shall be the lesser of Nag determined 
from Eq. (17.4.5.1b) and Ncbg determined from Eq. 
(17.4.2.1b). 

In Eq. (17.5.3.1a) and (17.5.3.1b), Cp = 1-0 for /i,/< 2.5 
in.; and kcp = 2.0 for h,f> 2.5 in. 

Ncpg AjlmjjjII j ^ 

4 J^LaaU 4^UAv\IjJ 4 (17.4.2.1b) (JA Ncbg 

Ncbgj(17.4.5.1b) (> Nag (> Ncpg o' 

(17.4.5.1b) 0- 

In Eq. (17.5.3.1a) and (17.5.3.1b), k,p = 1.0 for/i,/< 2.5 
in.; and k^p = 2.0 for hff> 2.5 in. 

17.6—Interaction of tensile and shear forces Unless 
determined in accordance with 17.3.1.3, anchors or groups of 
anchors that are subjected to both shear and axial loads shall 
be designed to satisfy the requirements of 17.6.1 through 
17.6.3. The values of 4)Nn and 4)Vn shall be the required 
strengths as determined from 17.3.1.1 or from 17.2.3. 

4 17.3.1.3 dJLftU ^ ^ La J&lij 17.6 

JSl J^LaAaII A jl J^LaAaII * j a . >4*^ 

^ (ji 17.6.3 17.6.1 CjUUalA Cjj&aaIIj AAAd^l 

(> j' 17.3.1.1 (> CjllaAll ^ (j)Vn j<|)Nn 

.17.2.3 

17.6.1 If Vua/(4)Vn) < 0.2 for the governing strength in 
shear, then full strength in tension shall be permitted: cftNn > 
Nua. 

iilft 4 SjAll Vua / ((t)Vn) < 0.2 '^117.6.1 

(|)Nn > Nua aIaISII ^LaaaII ^ 

17.6.2 If Nua/(4)Nn) < 0.2 for the governing strength in 
tension, then full strength in shear shall be permitted: cftVn > 
Vua 

4 iAill J SjaU Nua / ((t)Nu) < 0.2 CP- '^117.6.2 

(|)Vu > Vua AiAlUl ^IaaaII ^ 

17.6.3 If Vua/(c()Vn) > 0.2 for the governing strength in shear 
and Nua /(c()Nn) > 0.2 for the governing strength in tension, 
then 


N V 
-^ + -^<1.2 
<|)F 


( 17 . 6 . 3 ) 


^ SjaU Vua / ((|)Vn)> 0.2 bdis lil. 17.6.3 

4 i4ill ^ CijiaAdl SjaU Nua /((|)Nn) > 0.2 j 


N 

<j)E_ 


( 17 . 6 . 3 ) 


COMMENTARY 


R17.6—Interaction of tensile and shear forces The shear- 
tension interaction expression has traditionally been 
expressed as 

Aa^I Cm J^Lklll (jc j.u*A,'l ^ j .14^1 J^'4aR17.6 - 

La£ ^aaIaaII (Ja. 


< 1.0 


fN ] 

s 

(y V 


+ 

ua 

4 A' > 

\ n / 


[K) 
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17.7 — Required edge distances, spacings, and thicknesses to 
preclude splitting failure Minimum spacings and edge 
distances for anchors and minimum thicknesses of members 
shall conform to 17.7.1 through 17.7.6, unless supplementary 
reinforcement is provided to control splitting. Lesser values 
from productspecific tests performed in accordance with ACI 
355.2 or ACI 355.4 shall be permitted 

^ cjl2LAAl7.7 - 

Jfiij CjIsLaaj (jji 

^ La & 17,7,6 17,7,1 O'* *au 

Cjl^alall (JA JfiVl ^LAualj ^jLj. .iU 

ACI 355.4ji ACI 355.2 4 U jA12 

17.7.1 Unless determined in accordance with 17.7.4, 
minimum center-to-center spacing of anchors shall be 4d for 
cast-in anchors that will not be torqued, and 6da for torqued 
cast-in anchors and post-installed anchors 

u' 4*^ ‘17.7.4 ijjAU llij ^ ^ La 17.7.1 
i ^ 4d C}^ 

j^LwiaIIj LAjjjJj ‘ -< ^ j^LaaH 6dcl J 

‘jU l 


COMMENTARY 

where <; varies from 1 to 2. The current trilinear 
recommendation is a simplification of the expression where <; 
= 5/3 (Fig. R17.6). 

The limits were chosen to eliminate the requirement for 
computation of interaction effects where very small values of 
the second force are present. Any other interaction 
expression that is verified by test data, however, can be used 
to satisfy 17.3.1. 

JAJXIU Lj. ,1 M ^ ,2 1 q ‘ 

(. R17.6.Ji4Jl)(; = 5/3 

JcLklll i-.l aL*.. f-l .^.laU jLa^I 

J&Uj .it ijJua ^ 

.17.3.1 fL.aajV jL^VI ‘^4 Uj ^ 



Fig. R17.6—Shear and tensile load interaction equation. 

^ (J&Llj AIjLla; R17.6 - 

R17.7—Required edge distances, spacings, and thicknesses 
to preclude splitting failure The minimum spacings, edge 
distances, and thicknesses are very dependent on the anchor 
characteristics. Installation forces and torques in post- 
installed anchors can cause splitting of the surrounding 
concrete. Such splitting also can be produced in subsequent 
torquing during connection of attachments to anchors 
including cast-in anchors. The primary source of values for 
minimum spacings, edge distances, and thicknesses of post- 
installed anchors should be the product-specific tests of ACI 
355.2 and ACI 355.4. In some cases, however, specific 
products are not known in 

the design stage. Approximate values are provided for use in 
design. 

*1 . ..a**/! CjlSLoAAljj iljl3LAA]^17.7 - 

CjISLaulIIj CjISLaiAJ ^LaaII iJA .1^1 AMXJ 

j^LaaII ^ uUJ^I jIaaaaII .a-v 

(ji Ldaji L)Saj AJaj^All ^La^)^I *J‘ ‘<a1 la^.... a AaAaI) 

j^LaaII idlj ^ Laj j^LaaII Jajj fUjI ^ 

id.l&UAl! ^.iVl AjaU J ‘-aaII (JJSa (jl 

ACI 355.2 jA 't a^.. .lA J^LaaII idAAj CjlfilAA 

i_ijxj "il iidlj u^axj Jtildlj aUaliJl ACI 355.4 J 

fji «l ‘-v'. .Nl aLujidl AI^ja fji CjL&Ila 
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17.7.2 Unless determined in accordance with 17.7.4, 

minimum edge distances for cast-in anchors that will not be 
torqued shall be based on specified cover requirements for 
reinforcement in 20.6.1. For cast-in anchors that will be 
torqued, the minimum edge distances shall be 6da. 

>1^1 .iHuu (ji i 17.7.4 4 llsj ^ ^ 1->17.7.2 

cjUUalLa IAjjjJj ^ CjliLui.a 

^UAl.tllj, 20.6.1 ^jIaauU 

6 da ^1^41 cjlilAAiAi Jsi (jjSj q\ 

17.7.3 Unless determined in accordance with 17.7.4, 

minimum edge distances for post-installed anchors shall be 
based on the greater of specified cover requirements for 
reinforcement in 20.6.1, or minimum edge distance 
requirements for the products as determined by tests in 
accordance with ACI 355.2 or ACI 355.4, and shall not be 
less than twice the maximum aggregate size. In the absence 
of product-specific ACI 355.2 or ACI 355.4 test information, 
the minimum edge distance shall not be less than; 


Adhesive anchors.6da 

Undercut anchors.6da 

Torque-controlled anchors.8da 

Displacement-controlled anchors.lOda 


.1^1 aaHaaij 1 17.7.4 sjiiU llsj ^ ^ 1->17.7.3 

CjUllala j^IaamU cIaISIaam 

liSj ■-'ly''-'" AilAAAAl cjluUala ji i 20.6.1 ^uLauU 

Vi ‘ ACI 355.4ji ACI 355.2 4 lisj cjljUtiVUJJaA U1 
ACI CjLajla..a ^JC AAL^ ‘ Cfi 

AiLAAi.a Jai (Jaj Vi ‘UJ*^ $4“^ AkatiAl ACI 355.4 ji355.2 

:Cf- 

.6dti a^a^v j^Iaaa.# 

.6da AjjIjj ji j^Luia 

. 8dcl JdjAjil A<-VJ J^LaaW 

.lOda^U'^^l j^Luia 

17.7.4 For anchors where installation does not produce a 
splitting force and that will not be torqued, if the edge 
distance or spacing is less than those specified in 17.7.1 to 

17.7.3, calculations shall be performed by substituting for da 
a smaller value da ' that meets the requirements of 17.7.1 to 

17.7.3. Calculated forces applied to the anchor shall be 
limited to the values corresponding to an anchor having a 
diameter of da ' 

^ (ji ^ujj V jA.alAAL4ii AjaauIIj 17.7.4 

17.7.1 sJA^Atil liiij (j4 Jsi ACblil ji AilAAiAi cliilA |j| 1 lAjjjJj 

Aao^I -j ^AIAjAaajI A j 4. .i-v It CjUlaxil ^ 17.7.3 (/Aj 

AjjAAi^Atil (^jiil (ji 1—1^. 17.7.3 (jA! 17.7.1 cjUUalu (^ (^1 

. da '4 jiafi AA jLoAAlAi AAjI^aII (^A& jLoAAAAij a ajlAAtt 


COMMENTARY 

R17.7.2 Because the edge cover over a deep embedment 
close to the edge can have a significant effect on the sideface 
blowout strength of 17.4.4, in addition to the normal 
concrete cover requirements, it may be advantageous to use 
larger cover to increase the side-face blowout strength 

(j£^ AitaAl (j.a ujilb (ji^l jj*Al (_ 3 j 2 Ail^l (jV I jAiiR17.7.2 
4 17.4.4 Cy* *t 41^I jt^ilil AAajli.4 aA (j^% (jl 

,it \<i a '1 Qj CXS^ ^ ‘ c^aUAI (^Iaaij^I ^UaiAl cjUilala AiLiaVtj 

jl^.iiVl A_ajl^ AAbji j^i f lAafr 


R17.7.3 Drilling holes for post-installed anchors can cause 
microcracking. The requirement for a minimum edge 
distance twice the maximum aggregate size is to minimize 
the effects of such microcracking. 

1-1^ (ji (ji«jR17.7.3 

(_flSAl ‘ Ail^Al AilAAidl (_jAaVI Asja^, (^j^l 

(^^aII (^ftA^till (^ (J4^ jX 


R17.7.4 In some cases, it may be desirable to use a 
largerdiameter anchor than the requirements on 17.7.1 to 
17.7.3 permit. In these cases, it is permissible to use a larger¬ 
diameter anchor, provided the design strength of the anchor 
is based on a smaller assumed anchor diameter da ' . 

CjIA jLoAALa a! .it (j. .i-vl. .lAtl ^ ^ oAaxj (^R17.7.4 

iiJjVlaAl si* fj. 17.7.3 ij\ 17.7.1 (> cjUlaldl (> J^i jAaa 

^ AjA.AA'.tt AmajIAas CX3^ AAuja^ jA^ jL4AAA.a a 1 .it 

^ a .>lj*.aA\t jLaaAAaII jAafi jXA^i (JAjLaAjI ^jlC' jLoAAAAlj 
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17.7.5 Unless determined from tests in accordance with ACI 
355.2, the value of hef for an expansion or undercut post- 
installed anchor shall not exceed the greater of 2/3 of the 
member thickness, ha, and the member thickness minus 4 in. 


Vi 1 ACI 355.2-1 liaj u- jd U 17 . 7.5 

3/2 j^i Axujjlll hef 


17.7.6 Unless determined from tension tests in accordance 
with ACI 355.2 or ACI 355.4, the critical edge distance cac 


shall not be taken less than: 

Adhesive anchors .2hef 

Undercut anchors.2.5hef 

Torque-controlled expansion anchors .4hef 

Displacement-controlled expansion anchors.4hef 


ACI 355.2 >41Jl cjljl^l 0 - UjjJaj U 17.7.6 

:(> Jai cac JilaJi SiUju iii i ACI 355.4ji 

2 hef. 

. 2.5hef.^JlJjji 

4 hef.j^i^ill A<-vj ajlwjjj 


4hef 


4.^|jVI A<-vj 


\1.1.1 Construction documents shall specify use of anchors 
with a minimum edge distance as assumed in design. 


Jii cjIj .it fLwuVl (ji ‘.'yj 17.7.7 


COMMENTARY 


R17.7.5 Splitting failures are caused by the load transfer 
between the bolt and the concrete. The limitations on the 
value of hef do not apply to cast-in and adhesive anchors 
because the splitting forces associated with these anchor 
types are less than for expansion and undercut anchors. For 
all post-installed anchors, the maximum embedment depth 
for a given member thickness should be limited as required 
to avoid back-face blowout on the opposite side of the 
concrete member during hole drilling and anchor setting. 
This is dependent on many variables, such as the anchor 
type, drilling method, drilling technique, type and size of 
drilling equipment, presence of reinforcement, and strength 
and condition of the concrete. 

^jJl Jii (luluuti iJ4ia iIiVIa 0* 5^R17.7.5 

hef V, 

^ Jsi jIauiaII ^ jaII 

JAJ AAjLdj J^LaaI) ^^A^ j^LaaII CjIaaajaII 

La^ A£Lau4 jrtAAjVI ( 3 ^ UJ% 

^ j^VI J^4j| ■.''y*' ujILa jA 

^ Xe^Xi 1.^. jLaaaaII pUjI 

^ ^>1^1 AajAj (. A^jia & jLoaaaII 

i ^jLjij CjIAla 


R17.7.6 The critical edge distance cac is determined by the 
corner test in ACI 355.2 or ACI 355.4, and is only applicable 
to designs for uncracked concrete. To permit the design of 
these types of anchors when product specific information is 
not available, conservative default values for cac are 
provided. Research has indicated that the corner-test 
requirements are not met with ca,min = 1.5hef for many 
expansion anchors and some undercut anchors because 
installation of these types of anchors introduces splitting 
tensile stressesin the concrete that are increased during load 
application, potentially resulting in a premature splitting 
failure. Similarly, adhesive anchors that meet the maximum 
embedment depth requirement of 17.7.5 may not fulfill the 
corner test requirements with ca,min = cNa due to the 
additional flexural stresses induced in the member by the 
anchor. 


^ jll AJguljj ^Uaa ^R17.7.6 

jAg ajLAjidl Jc. . ACI 355.4jiACI 355.2 

dJA 

CdC. A^^IjaSVI ^ 

i ^ ^ CjUliaiLa 

AaMuiLnxin = l.Shcf 
.Im JajaLua dJA JIaj 

^ (j-uiaj fUji Jbjj ^ 

^ JJ-UiaII ( j )1 iJlalLj. 
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17.8—Installation and inspection of anchors 

17.8.1 Anchors shall be installed by qualified personnel in 
accordance with the construction documents and, where 
applicable, manufacturer’s instructions. The construction 
documents shall require installation of post-installed 
adhesive anchors in accordance with the Manufacturer’s 
Printed Installation Instructions (MPII). Installation of 
adhesive anchors shall be performed by personnel trained to 
install adhesive anchors. 


17.8- 

luj ^ 17.8.1 

QA ^ Ui^. (IVIPII) 


17.8.2 Installation of anchors shall be inspected in 
accordance with 1.9 and the general building code. Adhesive 
anchors shall be also subject to 17.8.2.1 through 17.8.2.4. 

. 1.9 ^ 17.8.2 

.17.8.2.4 17.8.2.1 j^Laa1\ J 


COMMENTARY 

R17.8—Installation and inspection of anchors 

R17.8.1 Many anchor performance characteristics depend on 
proper installation of the anchor. Installation of adhesive 
anchors should be performed by personnel qualified for the 
adhesive anchor system and installation procedures being 
used. Construction personnel can establish qualifications by 
becoming certified through certification programs. For cast- 
in anchors, care must be taken that the anchors are securely 
positioned in the formwork and oriented in accordance with 
the construction documents. Furthermore, it should be 
ensured that the concrete around the anchors is properly 
consolidated. Inspection is particularly important for post- 
installed anchors to make certain that the manufacturer’s 
recommended installation procedure, and in the case of 
adhesive anchors, printed installation instructions (MPII), are 
followed. For adhesive anchors, continuous monitoring of 
installations by qualified inspectors is recommended to 
ensure required installation procedures are followed. 
Postinstalled anchor strength and deformation capacity are 
assessed by acceptance testing under ACI 355.2 or ACI 
355.4. These tests are carried out assuming installation in 
accordance with the manufacturer’s recommended 
procedures (in the case of adhesive anchors, the MPII). 
Certain types of anchors can be sensitive to variations in hole 
diameter, cleaning conditions, orientation of the axis, 
magnitude of the installation torque, crack width, and other 
variables. Some of this sensitivity is indirectly accounted for 
in the assigned c() values for the different anchor categories, 
which depend in part on the results of the installation safety 
tests. Gross deviations from the ACI 355.2 or ACI 355.4 
acceptance testing results could occur if anchor components 
are altered, or if anchor installation criteria or procedures 
vary from those specified 
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17.8.2.1 For adhesive anchors, the construction documents 
shall specify proof loading where required in accordance 
with ACI 355.4. The construction documents shall also 
specify all parameters associated with the characteristic bond 
stress used for the design according to 17.4.5, including 
minimum age of concrete; concrete temperature range; 
moisture condition of concrete at time of installation;type of 
lightweight concrete, if applicable; and requirements for hole 
drilling and preparation. 

R17.8.2.1 Due to the sensitivity of bond strength to 
installation, on-site quality control is important for adhesive 
anchors. Where appropriate, a proof loading program should 
be specified in the construction documents. For adhesive 
anchors, the construction documents must also provide all 
parameters relevant to the characteristic bond stress used in 
the design. These parameters may include, but are not 
limited to: 

(a) Acceptable anchor installation environment (dry or 
saturated concrete; concrete temperature range) 

17.8.2.1 

ACI 355.4. (jlA 

, JA& Jsi ^ Iaj i 17.4.5 

cHiSj 

cliUlIaldj ^ ULaa q)S IjI 

(b) Acceptable drilling methods 

(c) Required hole cleaning procedures 

(d) Anchor type and size range (threaded rod or reinforcing 
bar) Hole cleaning is intended to ensure that drilling debris 
and dust do not impair bond. Depending on the on-site 
conditions, hole cleaning may involve operations to remove 
drilling debris from the hole with vacuum or compressed air, 
mechanical brushing of the hole wall to remove surface dust, 
and a final step to evacuate any remaining dust or debris, 
usually with compressed air. Where wet core drilling is used, 
holes may be flushed with water and then dried with 
compressed air. If anchors are installed in locations where 
the concrete is saturated (for example, outdoor locations 
exposed to rainfall), the resulting drilling mud must be 
removed by other means. In all cases, the procedures used 
should be clearly described by the manufacturer in printed 
installation instructions accompanying the product, which 
also describe the limits on concrete temperature and the 
presence of water during installation as well as the 
procedures necessary for void-free adhesive injection and 
adhesive cure requirements, constitute an integral part of the 
adhesive anchor system and are part of the assessment 
performed in accordance with ACI 355.4 

i iajjll 1jI^R17. 8.2.1 
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17.8.2.2 Installation of adhesive anchors horizontally or 
upwardly inclined to support sustained tension loads shall be 
performed by personnel certified by an applicable 
certification program. Certification shall include written and 
performance tests in accordance with the ACI/CRSI 
Adhesive Anchor Installer Certification program, or 
equivalen 

R17.8.2.2 The sensitivity of adhesive anchors to installation 
orientation combined with sustained tension loading 
warrants installer certification. Certification may also be 
appropriate for other safety-related applications. 
Certification is established through an independent 
assessment such as the ACI/CRSI Adhesive Anchor 
Installation Certification Program, or similar program with 

Jxu ^ 17.8.2.2 

Jjll ijM djAiuiAll JLa^I 

ftjij 

d>^^-^ACl / CR.S1 

equivalent requirements. In addition, installers should obtain 
instruction through product-specific training offered by 
manufacturers of qualified adhesive anchor systems 

^ 8.2.2 
aU'.Att Caaji 4.^Lla '^^11 jajaaaII 

dJl^.AAi dJ^.A^) A..4^Lwi1L 

, ^L4.a cIjUlialLa ^ jl / CR.S1 

17.8.2.4 Adhesive anchors installed in horizontal or 
upwardly inclined orientations to resist sustained tension 
loads shall be continuously inspected during installation by 
an inspector specially approved for that purpose by the 
building official. The special inspector shall furnish a report 
to the licensed design professional and building official that 
the work covered by the report has been performed and that 
the materials used and the installation procedures used 
conform with the approved construction documents and the 
Manufacturer’s Printed Installation Instructions (MPII). 

R17.8.2.3 For the purposes of satisfying 17.8.2.3, an 
equivalent certified installer program should test the 
adhesive anchor installer’s knowledge and skill by an 
objectively fair and unbiased administration and grading of a 
written and performance exam. Programs should reflect the 
knowledge and skill required to install available commercial 
anchor systems. The effectiveness of a written exam should 
be verified through statistical analysis of the questions and 
answers. An equivalent program should provide a responsive 
and accurate mechanism to verify credentials, which are 
renewed on a periodic basis. 

lAiLA JjIjla jbli.1 . 17.8.2.3 (>ljftS!R17.8.2.3 

djlJj jIaaaaII djLa 4.2jx.a 
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R17.8.2.4 The model code (2012 IBC) requires special 
inspection of all post-installed anchors. The installation of 
adhesive anchors in horizontal or upwardly inclined 
orientations poses special challenges to the installer and 
requires particular attention to execution quality as well as an 
enhanced level of oversight. It is expected that these 
anchorinstallations will be inspected by a certified special 
inspector who is continuously present when and where the 
installations are being performed 
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CHAPTER 18-EARTHQUAKE-RESISTANT 
STRUCTURES 


R18-EARTHQUAKE-RESISTANT STRUCTURES 


Qlatlihfr — 18 

18 . 1 —Scope 

18.1.1 This chapter shall apply to the design of 
nonprestressed and prestressed concrete structures assigned 
to Seismic Design Categories (SDC) B through F, including, 
where applicable: (a) Structural systems designated as part of 
the seismicforce-resisting system, including diaphragms, 
moment frames, structural walls, and foundations (b) 
Members not designated as part of the seismic-forceresisting 
system but required to support other loads while undergoing 
deformations associated with earthquake effects 


Jb-di 18.1 - 

(JA ^ 

(jA fi'j^ Loj^ i iiUj ^ Loj 

^jxll iCjljUalj t ^ ku t djil) 

(JA f AaXAaOA J^\ (CjU.uLujV1j i uU'^J ^ 

fUji t djlll ^jH.a 

JjVjll 


18.1.2 Structures designed according to the provisions of this 
chapter are intended to resist earthquake motions through 
ductile inelastic response of selected members. 

^ cjL^loll (j.a ci.^! 18-1-2 


R18.1—Scope 


JjSI^I qInIimRIS - 


Chapter 18 does not apply to structures assigned to Seismic 
Design Category (SDC) A. For structures assigned to SDC B 
and C, Chapter 18 applies to structural systems designated as 
part of the seismic-force-resisting system. For structures 
assigned to SDC D through F, Chapter 18 applies to both 
structural systems designated as part of the seismicforce- 
resisting system and structural systems not designated as part 
of the seismic-force-resisting system. Chapter 18 contains 
provisions considered to be the minimum requirements for a 
cast-in-place or precast concrete structure capable of 
sustaining a series of oscillations into the inelastic range of 
response without critical deterioration in strength. The 
integrity of the structure in the inelastic range of response 
should be maintained because the design earthquake forces 
defined in documents such as ASCE/SEI 7, the 2012 IBC, 
the UBC (ICBO 1997), and the NEHRP (EEMA P749) 
provisions are considered less than those corresponding to 
linear response at the anticipated earthquake intensity 
(EEMA P749; Blume et al. 1961; Clough 1960; Gulkan and 
Sozen 1974). The design philosophy in Chapter 18 is for 
cast-in-place concrete structures to respond in the nonlinear 
range when subjected to design-level ground motions, with 
decreased stiffness and increased energy dissipation but 
without critical strength decay. Precast concrete structures 
designed in accordance with Chapter 18 are intended to 
emulate castin-place construction, except 18.5, 18.9.2.3, and 
18.11.2.2, which permit precast construction with alternative 
yielding mechanisms. The combination of reduced stiffness 
and increased energy dissipation tends to reduce the response 
accelerations and lateral inertia forces relative to values that 
would occur were the structure to remain linearly elastic and 
lightly damped (Gulkan and Sozen 1974). Thus, the use of 
design forces representing earthquake effects such as those 
in ASCE/SEI 7 requires that the seismic-force-resisting 
system retain a substantial portion of its strength into the 
inelastic range under displacement reversals. The provisions 
of Chapter 18 relate detailing requirements to type of 
structural framing and SDC. Seismic design categories are 
adopted directly from ASCE/SEI 7, and relate to 
considerations of seismic hazard level, soil type, occupancy, 
and use. Before the 2008 Code, low, intermediate, and high 
seismic risk designations were used to delineate detailing 
requirements. 

Eor a qualitative comparison of seismic design categories 
and seismic risk designations, refer to Table R5.2.2. The 
assignment of a structure to a SDC is regulated by the 
general building code (refer to 4.4.6.1). 
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18.2—General 

18.2.1 Structural systemsl8.2.1.1 All structures shall be 
assigned to a SDC in accordance with 4.4.6.1. 

SDC ^ 18.2.1.1 18.2.1 

.4.4.6.! 4 tiaj 

18.2.1.2 All members shall satisfy Chapters 1 to 17 and 19 to 
26. Structures assigned to SDC B, C, D, E, or F also shall 
satisfy 18.2.1.3 through 18.2.1.7, as applicable. Where 
Chapter 18 conflicts with other chapters of this Code, 
Chapter 18 shall govern. 

19 17 1 (> 2 ^ ijk- 18.2.1.2 

ji E ji D ji C ji SDC B A4a..4l J .26 J\ 

jI*:l (lUiia'in ‘18.2.1.7 18.2.1.3 u- 

.18 J>uaa ^ 18 

18.2.1.3 Structures assigned to SDC B shall satisfy 18.2.2. 

18.2.2 SDC B cjLil.ll J 4^18.2.1. 

18.2.1.4 Structures assigned to SDC C shall satisfy 18.2.2 
and 18.2.3 

j SDC C 18.2.2 4 oi 41^18.2.1.4 

18.2.3 
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‘ C j SDC B CibLy] j (SDC) 

18 
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!^h) SDC t^l! J%* (4U4I Q^la jdiLj R5.2.2. Jja?. i^\ 

(4.4.6.1 

R18.2—General 

Structures assigned to SDC A need not satisfy requirements 
of Chapter 18 but must satisfy all other applicable 
requirements of this Code. Structures assigned to Seismic 
Design Categories B through F must satisfy requirements of 
Chapter 18 in addition to all other applicable requirements of 
this Code. Sections 18.2.1.3 through 18.2.1.5 identify those 
parts of Chapter 18 that apply to the building based on its 
assigned SDC, regardless of the vertical elements of the 
seismicforce-resisting system. ASCE/SEI 7 defines the 
permissible vertical elements of the seismic-force-resisting 
system and applies where adopted. 
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18.2.1.5 Structures assigned to SDC D, E, or F shall satisfy 
18.2.2 through 18.2.8 and 18.12 through 18.14. 

F ji E ji SDC D 4 cjLildl Jt v^l8.2.1.5 

.18.14 18.12 j 18.2.8 t^J!18.2.2 

18.2.1.6 Structural systems designated as part of the seismic 
force-resisting system shall be restricted to those designated 
by the general building code, or determined by other 
authority having jurisdiction in areas without a legally 
adopted building code. Except for SDC A, for which Chapter 
18 does not apply(a) through (h) shall be satisfied for each 
structural system designated as part of the seismic- 
forceresisting system, in addition to 18.2.1.3 through 
18.2.1.5: 

(a) Ordinary moment frames shall satisfy 18.3 (b) Ordinary 
reinforced concrete structural walls need not satisfy any 
detailing provisions in Chapter 18, unless required by 
18.2.1.3 or 18.2.1.4 (c) Intermediate moment frames shall 
satisfy 18.4 (d) Intermediate precast walls shall satisfy 18.5 
(e) Special moment frames shall satisfy 18.2.3 through 
18.2.8 and 18.6 through 18.8 (f) Special moment frames 
constructed using precast concrete shall satisfy 18.2.3 
through 18.2.8 and 18.9 (g) Special structural walls shall 
satisfy 18.2.3 through 18.2.8 and 18.10 (h) Special structural 
walls constructed using precast concrete shall satisfy 18.2.3 
through 18.2.8 and 18.11 
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COMMENTARY 

The remaining commentary of R18.2 summarizes the intent 
of ACI 318 regarding which vertical elements should be 
permissible in a building considering its SDC. Section 

18.2.1.6 defines the requirements for the vertical elements of 
the seismic-force-resisting system. The design and detailing 
requirements should be compatible with the level of inelastic 
response assumed in the calculation of the design earthquake 
forces. The terms “ordinary”, “intermediate”, and “special” 
are used to facilitate this compatibility. For any given 
structural element or system, the terms “ordinary”, 
“intermediate”, and “special” refer to increasing 
requirements for detailing and proportioning, with 
expectations of increased deformation capacity. Structures 
assigned to SDC B are not expected to be subjected to strong 
ground motion, but instead are expected to experience low 
levels of ground motion at long time intervals. This Code 
provides some requirements for beam-column ordinary 
moment frames to improve deformation capacity. Structures 
assigned to SDC C may be subjected to moderately strong 
ground motion. The designated seismic-forceresisting system 
typically comprises some combination of ordinary cast-in- 
place structural walls, intermediate precast structural walls, 
and intermediate moment frames. The general building code 
also may contain provisions for use of other seismic-force- 
resisting systems in SDC C. Provision 18.2.1.6 defines 
requirements for whatever system is selected. Structures 
assigned to SDC D, E, or F may be subjected to strong 
ground motion. It is the intent of ACI Committee 318 that 
the seismic-force-resisting system of structural concrete 
buildings assigned to SDC D, E, or F be provided by special 
moment frames, special structural walls, or a combination of 
the two. In addition to 18.2.2 through 18.2.8, these structures 
also are required to satisfy requirements for continuous 
inspection (26.13.1.4), diaphragms and trusses (18.12), 
foundations (18.13), and gravity-load-resisting elements that 
are not designated as part of the seismic-force-resisting 
system (18.14). These provisions have been developed to 
provide the structure with adequate deformation capacity for 
the high demands expected for these seismic design 
categories. The general building code may also permit the 
use of intermediate moment frames as part of dual systems 
for some buildings assigned to SDC D, E, or F. It is not the 
intent of ACI Committee 318 to recommend the use of 
intermediate moment frames as part of moment-resisting 
frame or dual systems in SDC D, E, or F. The general 
building code may also permit substantiated alternative or 
nonprescriptive designs or, with various supplementary 
provisions, the useof ordinary or intermediate systems for 
nonbuilding structures in the higher seismic design 
categories. These are not the typical applications that were 
considered in the writing of this chapter, but wherever the 
term “ordinary or intermediate moment frame” is used in 
reference to reinforced concrete, 18.3 or 18.4 apply. 

Table R18.2 summarizes the applicability of the provisions 
of Chapter 18 as they are typically applied when using the 
minimum requirements in the various seismic design 
categories. Where special systems are used for structures in 
SDC B or C, it is not required to satisfy the requirements of 
18.14, although it should be verified that members not 
designated as part of the seismic-force-resisting system will 
be stable under design displacements. 
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18.2.1.7 A reinforced concrete structural system not 
satisfying this chapter shall be permitted if it is demonstrated 
by experimental evidence and analysis that the proposed 
system will have strength and toughness equal to or 
exceeding those provided by a comparable reinforced 
concrete structure satisfying this chapter. 

R18.2 - 
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^jA CiJ^ Ajji AAA^aji SDC C ^a^a^^aII 

^ t^L^All AjJUJ) Af^^A^A C^ ^laaaI) 

jAj ^jxlj CjljUalj i 4Ja^^) (jlj.i^ 

Ai^ljll djill ^jIAa ^.a]^! Luajl ^Ixll 

18.2.1.6 (3^2a 11 SDC c^J^Vl 

F ji F j't SDC D Aa^a^^aII JSL^I ^A^a^ ^ 

- JjVjil hij\lA ^Uaj jAj^ ^\ ACI 318 

F ji E ji SDC D -i 4-.-a.*-aiAl) ^ajIaSuVI 5ajUa jL1\ ^UaII ^jliA 

^LJaVlj .(j^Vl (j^ uU*^ 4.a^I^ CjljUaL 

CjUkiA C^\ JSl^l sJA 48.2.8 ^\ 18.2.2 ^\ 

‘ (18.12) 5>Uil .(26.13.1.4) 

V ^jI^aI) jA^UaJlj 4 (18.13) ^1-.AAAl^]^lj 

d^A CjijAaj .^j .(18.14) ^jlLa ^Uaj ^ 

^laaaj ,^}(JjUil 4 aS,^^1aI) Ai^lxll (jjLAlaU Ai^LS d.,^A^ djJAj 

CP U^i ^Ixll fUJl JjS 

^ u^ o^J F. ji E ji SDC D 
jUaVl o*« AJ^uajj .liljLlal ^Ur^UAib (j^ ACI 318 

jj£ ^CAUAj jfl F. ji E ji SDC D ^AJajVl ji ^jHaII 

. ^ jl ^J^uialU 4jjll jl Uiajl ^Ixll 

^i^^jjaaII ^ ^Uj 4j^AAj ji 

jUjfrVl 4j^ ^ A^JjaHI tljUjjiall) cliAAj.\ dlft .^IaaSVI 

^ "ia^j ji jUaj" ^lI^a^a ^.l^lyul IajjI O^LIj - ^ 

.18.4 18.3 ^ *■ ^.^AaaaI) ^Laij^I SjIaaI 

^I.1^1aaiI ,i1c- iAc- 18 ^^4^^R18.2 

^l.i^jAAl .ll& CAjk t. ^ L-'l^tU^A^U ^ 

18.14 dUlialaj flijll iajAA^ V . C SDC B is^ ^.A^aji 

4JA ^j-UXAili jA^UxIl ^1 C>^ ^ftVvl! (-^ ^1 ^jll 4 

Aaaaaa^HII 4.^}jV1 (Ja^ IjIIaaa (J..,^ JjV^l ^jIAa ^Uaj 
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Table R18.2—Sections of Chapter 18 to be satisfied in 
typical applications[l] 

cjllulalll ^ U jlijlul 1.^1 jll ^ R18.2 - 


ComponeDt resisting 
earthquake effect, 
unless otherwise 

noted 

SDC 

A 

(None) 

B 

(18.2.1.3) 

c 

(18.2.1.4) 

D,E,F 

(18.2.1.5) 

Analysis and design 
requirements 

None 

18,2.2 

18,2.2 

18.2.2, 

18.2.4 

Materials 

None 

None 

18.2.5 

through 

18.2.8 

Frame members 

18.3 

18.4 

18.6 

through 

18.9 

Structural walls and 
coupling beams 

None 

None 

18.10 

Precast structural walls 

None 

18.5 

18.5^1, 

18.11 

Diaphragms and 
trusses 

None 

None 

18.12 

Foundations 

None 

None 

18.13 

Frame members not 
designated as part of 
the seismic-force- 
resisting system 

None 

None 

18.14 

Anchors 

None 

18.2.3 

18.2.3 


[l]In addition to requirements of Chapters 1 through 17, 19 
through 26, and ACI 318.2, except as modified by Chapter 
18. Section 14.1.4 also applies in SDC D, E, and F. [2]As 
permitted by the general building code. 

j ‘ 26 19 u-J ‘ 17 1 0- cjUkL, 4iLiVb[i] 

La£ ,18 ^ La fUjlaajlj t ACI 318.2 

(aUill jjS Jja j* L>s F. [2] j E j SDC D 14.1.4 

.(.Ixll 

The proportioning and detailing requirements in Chapter 18 
are based predominantly on field and laboratory experience 
with monolithic reinforced concrete building structures and 
precast concrete building structures designed and detailed to 
behave like monolithic building structures. Extrapolation of 
these requirements to other types of castin-place or precast 
concrete structures should be based on evidence provided by 
field experience, tests, or analysis. The acceptance criteria 
for moment frames given in ACI 374.1 can be used in 
conjunction with Chapter 18 to demonstrate that the strength, 
energy dissipation capacity, and deformation capacity of a 
proposed frame system equals or exceeds that provided by a 
comparable monolithic concrete system. 

American ACI ITG-5.1 provides similar information for 
precast wall systems. The toughness requirement in 18.2.1.7 
refers to the requirement to maintain structural integrity of 
the entire seismic-force-resisting system at lateral 
displacements anticipated for the maximum considered 
earthquake motion. Depending on the energy-dissipation 
characteristics of the structural system used, such 
displacements may be larger than for a monolithic reinforced 
concrete structure satisfying the prescriptive provisions of 
other Darts of this Code. 
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18.2.2 Analysis and proportioning of structural members 

uiujLuj J^1^18.2.2 

18.2.2.1 The interaction of all structural and nonstructural 
members that affect the linear and nonlinear response of the 
structure to earthquake motions shall be considered in the 
analysis. 

Cm Jctklll 18.2.2.1 

.JjVjll 

18.2.2.2 Rigid members assumed not to be a part of the 
seismic-force-resisting system shall be permitted provided 
their effect on the response of the system is considered in the 
structural design. Consequences of failure of structural and 
nonstructural members that are not a part of the seismicforce- 
resisting system shall be considered. 

ijA (jiajlij V ^ 18-2-2-2 

djU) Qa 

18.2.2.3 Structural members extending below the base of 
structure that are required to transmit forces resulting from 
earthquake effects to the foundation shall comply with the 
requirements of Chapter 18 that are consistent with the 
seismic-force-resisting system above the base of structure. 

UHaIi Ci^ juju jA^Uxl) iCmM 18-2-2-3 

t-.i cjLujLujVI JLmjjV 

djill ^ A^UaI) 18 

18.2.3 Anchoring to concrete 

jU*-.di 18.2.3 

18.2.3.1 Anchors resisting earthquake-induced forces in 
structures assigned to SDC C, D, E, or F shall be in 
accordance with 17.2.3. 

JjVjll (jft j^LuiaII Cxs^ o"' 4*^ 18.2.3.1 

.17.2.3 -1 iSaj F ji E ji D ji SDC C cjLildl 


COMMENTARY 

^ IS ^ ui4^U2ll CjUliala aHuij 

4^Lyuj^l ^UaII JSLa ^ 

cjuiiaiftii fijiiwdi ^uaIi 

^JVI 41^1 A.6y^A ^Lyuj^l ji blj^l ^ ^LaVI 

jl CiljLil^Vl ji (jA 

Juiill ^ (jljjaVlj ACI 374.1 cjljUaV JjAll 

^jjLa jUal j>Uaj ^ ijJ2j ^Lkll iJjUii ijJ3j (ji CjUjV 18 

^ ‘ lAjAjj iillj (j& Jjjj ji jLuu 

5JAIaJI (jl4..aJajSl 5£L».a ACI ITG-5.1 jSji 

'1 iajjA ^1] 18.2.1.7 CjCall 

U^, JjVjll ^j^Al AIaSL 

j^i tAA (jj^ ‘ -"-''I 'I ^Uall (j^'l 

A (j.a 

SJA QA 

R18.2.2 Analysis and proportioning of structural members— 
It is assumed that the distribution of required strength to the 
various components of a seismic-forceresisting system will 
be determined from the analysis of a linearly elastic model of 
the system acted upon by the factored forces, as required by 
the general building code. If nonlinear response history 
analyses are to be used, base motions should be selected after 
a detailed study of the site conditions and local seismic 
history. Because the basis for earthquake-resistant design 
admits nonlinear response, it is necessary to investigate the 
stability of the seismic-force-resisting system, as well as its 
interaction with other structural and nonstructural members, 
under expected lateral displacements corresponding to 
maximum considered earthquake ground motion. For lateral 
displacement calculations, assuming all the structural 
members to be fully cracked is likely to lead to better 
estimates of the possible drift than using uncracked stiffness 
for all members. The analysis assumptions described in 
6.6.3.1.2 and 6.6.3.1.3 may be used to estimate lateral 
deflections of reinforced concrete building systems. The 
main objective of Chapter 18 is the safety of the structure. 
The intent of 18.2.2.1 and 18.2.2.2 is to draw attention to the 
influence of nonstructural members on structural response 
and to hazards from falling objects. 

Section 18.2.2.3 serves as an alert that the base of structure 
as defined in analysis may not necessarily correspond to the 
foundation or ground level. Details of columns and walls 
extending below the base of structure to the foundation are 
required to be consistent with those above the base of 
structure. In selecting member sizes for earthquake-resistant 
structures, it is important to consider constructibility 
problems related to congestion of reinforcement. The design 
should be such that all reinforcement can be assembled and 
placed in the proper location and that concrete can be cast 
and consolidated properly. Using the upper limits of 
permitted reinforcement ratios may lead to construction 
problems. 
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^ jILaII J.^U9l11 J;4^R.18.2.2 

i ^^4^ Jaxj *Ll4lU UJ** 

Auia^l ^^Ull jjIaII IjI 

^jaI) <L^La AmjIjJ Jaj ^UauIauVI ^ 

u8jjxj JjVjli ^jIaaII ^aA4^2ll ^Lau! (jV 1 jiaj ,^jA^a 11 Jljljll 

AajIAa jljiluil AjL^AauV^ 

jA^UxJ) ^ 42&lij ^1 ^LJaVtj (■ dj^l 

iy^^\ .laJl Jjlij Aa^L^I Jia i 

Jaa^aII ( A^l^l A^ljVl CjLLa^ AaaaUIj ,^Ijj 2| ,dJ^^.^jAll 

^1 JaLS^! (jliAil! ^1 ^nil nnVI j.*^lAaJl ^aa^ jaS! (jl 

^AA^ AiiiA ^I.1^14 aI ^ JaA^aII Ja^I illljA^ 

j T-^ -^-1-1 ^ JaI^I CjlualjA^I (jiAj .flui&VI 

,A.^14aa1| A^Iauj^I ^IaaII A.a]uV A^l^l T-^ -T-l -1 

J 18.2.2.1 .Vt/aftll ,JSa^1 jA 18 ^_j.4a^ jll 

AaLaIaiVI AjjjaJI jA^UaJl j^Ij ^1 jA 18.2.2.2 

18.2.2.3 ^aaHI Ja9u .AJaSLuiAAll ^Iau^VI A.a^Ia 1| jial^AlIj A^4%^1 

^IjAJ V ^ l.^.ljjaA ^ LaS Aaa^I di^li (jL Aa^ ^Iaaj 

d.l4&Vl Jaa^Uj CjJ^ ^.,^1aa4 jl ^IauVI ^ djjjA^b 

^ AAauaa ^IauVI ^1 dJ&ll JftAui Jaaj 

4 ^jIaaII JSIa^ jA^Uxll jLu^l Ja& .(3%^.^! d.^ll 

AaIaaaII ^ 

^LA^.1^} ^.>41) ^ ^uLuaII ^AA& i^L-i-s^A ^AAa^aI) 

uiaiaI Uldl ^I^^aauI JIaij LAJ^jjj AjLau^)^I ^jLo^ 

.fU^l ^ ^1 l^A ^.^^AaiIaII ^LaIwuII 

18.2.4 Strength reduction factors 

Jatiai 18.2.4 

R18.2.4 Strength reduction factors 

Jatiiii J«I^R18.2.4 

18.2.4.1 Strength reduction factors shall be in accordance 
with Chapter 21. 

R18.2.4.1 Chapter 21 contains strength reduction factors for 
all members, joints, and connections of earthquake-resistant 
structures, including specific provisions in 21.2.4 for 
buildings that use special moment frames, special structural 

,21 (ji v^lS. 2.4.1 

walls, and intermediate precast walls. 

CijliAl (jiii 21 (^ji»jRl8.2.4.2.1 

^l£^i iillj ^ Lftj ( JJVjll Jsij^ U j..^Uxll 

j i ^jCr dlljUal j>Jaduu ^UAl 21.2.4 i^.i^ 

,i_it^l (jlj.i^j 1 <U.dLk 
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18.2.5 Concrete in special moment frames and special 
structiiral walls 


'Ualill CjljUaj ^ JjLjjilt 18.2.5 

18.2.5.1 Specified compressive strength of concrete in 
special moment frames and special structural walls shall be 
in accordance with the special seismic systems requirements 
ofTable 19.2.1.1. 

^ CjljUal 18.2.5.1 

4..alubU ^ .-.I ali'.'U i 

.19.2.1.1 


18.2.6 Reinforcement in special moment frames and special 
structural walls 

f CliljUaj ^ jtjLjull 18.2.6 

18.2.6.1 Reinforcement in special moment frames and 
special structural walls shall be in accordance with the 
special seismic systems requirements of 20.2.2. 

CliljUal ^ jtjiuull tjjij (ji 18.2.6.1 
^ ^ ^ 

20.2.2 


COMMENTARY 

R18.2.5 Concrete in special moment frames and special 
structural walls—Requirements of this section refer to 
concrete quality in frames and walls that resist 
earthquakeinduced forces. The maximum specified 
compressive strength of lightweight concrete to be used in 
structural design calculations is limited to 35 MPa, primarily 
because of paucity of experimental and field data on the 
behavior of members made with lightweight concrete 
subjected to displacement reversals in the nonlinear range. If 
convincing evidence is developed for a specific application, 
the limit on maximum specified compressive strength of 
lightweight concrete may be increased to a level justified by 
the evidence. 

- j fijjsdl CjljUal ^ jiJlR18.2.5 

CjljliaVl ^ ijl] cjUliala 

i Sja.v < w .'ll SaLual\ .1^1. JJVjh 

4 MPtl 35 ^ 1^ A 4.v1. .it .1 

CjUU^I dj^ iLjUjji iillj 

0^^ ‘ AxILa ^ 

^jluu uJjl) ^ iauja ijfi 

Rl.8.2.6. Reinforcement in special moment frames and 
special structural walls—Use of longitudinal reinforcement 
with strength substantially higher than that assumed in 
design will lead to higher shear and bond stresses at the time 
of development of yield moments. These conditions may 
lead to brittle failures in shear or bond and should be avoided 
even if such failures may occur at higher loads than those 
anticipated in design. Therefore, an upper limit is placed on 
the actual yield strength of the steel (refer to 20.2.2.5). 
ASTM A706 for low-alloy steel reinforcing bars includes 
both Grade 60 and Grade 80; however, only Grade 60 is 
generally permitted because of insufficient data to confirm 
applicability of existing code provisions for structures using 
the higher grade. Section 18.2.1.7 permits alternative 
material such as ASTM A706 Grade 80 if results of tests and 
analytical studies are presented in support of its use. The 
requirement for a tensile strength greater than the yield 
strength of the reinforcement (20.2.2.5) is based on the 
assumption that the capability of a structural member to 
develop inelastic rotation capacity is a function of the length 
of the yield region along the axis of the member. In 
interpreting experimental results, the length of the yield 
region has been related to the relative magnitudes of nominal 
and yield moments (ACI 352R). According to this 
interpretation, the greater the ratio of nominal to yield 
moment, the longer the yield region. Chapter 20 requires that 
the ratio of actual tensile strength to actual yield strength be 
at least 1.25. The restrictions on the values of fy and fyt 
apply to all types of transverse reinforcement, including 
spirals, circular hoops, rectilinear hoops, and crossties. The 
restrictions on the values of fy and fyt in 20.2.2.4 for 
calculating nominal shearstrength are intended to limit the 
width of shear cracks. Research results (Budek et al. 2002; 
Muguruma and Watanabe 1990; Sugano et al. 1990) indicate 
that higher yieldstrengths can be used effectively as 
confinement reinforcement as specified in 18.7.5.4. 
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- (jljJ^ j 'UiaLill liljUal 8.2.6. 

^ i41j (jA .it 

tJA f.jjfi’ jjiaj Cjij Jaj|jllj ij^\ 

ij^\ 

4 ^ jLo^i ^ d^A jLa 

^jlLa >^1 ^ 

4-Jaai^l ^jV^I ASTM A706 .(20.2.2.5 

Jaia 50 0^ ^ - 80 ^ 50 ii-*llliU.all 

(liUl^l ^Li£ 

JLa 18.2.1.7 JSL^I 

yLUlll cjUuIjjI!j CjIjI^VI 2^Uu ^jSj ^ Ijj 80 ^j-iASTM A706 

^ ji Ja^I .l^l.i^lbuV Lft&j 

4 _*j ^ AjlSjIaI) jLft^VI dJbj aI& d^A Ja^I 

^jlLa >^1 ^ 

4-Jaaa^l ^jV^I ASTM A706 .(20.2.2.5 

Jaia 50 i-AA^l 0^ ^ - 80 ^ 50 «-aa^ 1 ii-*liliu.all 

^jlc- (jjjiaj j^bl (liUl^l ^Li£ 

jLa 18.2.1.7 j£L^| 

ciL-ljjIlj cjljUliVl ^Ui: jwJAj ^ IJIASTM A706 Grade 80 

^1 AaAwdVl ^Ua.aj (liJlj Lftl£ i jja^uAjII I.^ l^j ,1^..al.l^luuV Lo&J 

u'^ 20 .Jj^i Aliala clulS Lftl£ i ^j^a^l 

(^Jalj .JfiVl 1.25 ^jA^a^l dj£ ^1 AaliiJl ibil) dj2 Aja.uj 

t^j i ^ulyullj fyt J fy (j^ ^.a^JjAaI) 

crossties. J ‘ JljlaVI 1 V>ilJJl JljJaVl ^ liLijjlaJl liUj ^ 

(jAill »ja uiLuiaJ 20.2.2.4 fyt j fy (>^2 u^ Cijji.ll Jj^l iJj^j 
(B udek et liiLajVI j^lii jjuu .(jaill (jji.4i jije j. ^jll AjauiVI 

Sugano et al. ^ Muguruma and Watanabe lOOO^al. 2002 

Cjil£ Jins l)^4u £^jbiiil jjA ^).l.Vuj) (jiju 4Ji ^11990) 

.18.7.5.4 jA '-.s ijjxA 


427 










CODE 

jjSlI 

COMMENTARY 

18.2.7 Mechanical splices in special moment frames and 
special structural walls 

R18.2.7 Mechanical splices in special moment frames and 
special structural walls — In a structure undergoing inelastic 
deformations during an earthquake, the tensile stresses in 
reinforcement may approach the tensile strength of the 

ililjUaj ^ 18.2.7 

reinforcement. The requirements for Type 2 mechanical 
splices are intended to avoid a splice failure when the 
reinforcement is subjected to expected stress levels in 
yielding regions. Type 1 mechanical splices are not required 
to satisfy the more stringent requirements for Type 2 
mechanical splices, and may not be capable of resisting the 
stress levels expected in yielding regions. The locations of 
Type 1 mechanical splices are restricted because tensile 
stresses in reinforcement in yielding regions can exceed the 
strength requirements of 25.5.7. The restriction on Type 1 
mechanical splices applies to all reinforcement resisting 
earthquake effects, including transverse 

reinforcement.Recommended detailing practice would 
preclude the use of splices in regions of potential yielding in 
members resisting earthquake effects.If use of mechanical 
splices in regions of potential yielding cannot be avoided, 
there should be documentation on the actual strength 
characteristics of the bars to be spliced, on the force- 
deformation characteristics of the spliced bar, and on the 
ability of the Type 2 mechanical splice to be used to meet the 
specified performance requirements. Although mechanical 
splices as defined by 18.2.7 need not be staggered, 
staggering is encouraged and may be necessary for 
constructibility or provide enough space around the splice 
for installation or to meet the clear spacing requirements. 

j dlljUal di5Lij,ajillR18.2.7 

t-il i fl ^ ^4uull ^ Ja^I diljl^.^1 

^jAajAjj (3^ JaaiA ^1 2 I^aHI (Ii^Ua^jIU 

^Ij^l V .g^jAiia^l diU (jiaLlall ^ jl^VI CjIjjjaalaI "'ll 

^caaaIU ^Ija^ j^VI diUliajAll 1 IsaIII ^ ^^1 diUloP 

Ja^I diljjlui.. iLajll. djjl2 V 1 2 IaaHI o. 

1 isAllI fjji di5UA^jjll ^1^ ^^1 ^jlaLldl ^ An^jlidl 

^1 (j£>u dib (jlaLLdl ^ ^ulujll ^ Ja^I lauSa iji 

1 di5bA^j^l J^l .25.5.7 diUllal. 

^jLauII iilij ^ Loj idJLjlI dilj^b 

dl5bA^J^I *1 .it (ji ^_^A^^^I AuLa^AjII 4.AAjLft.4il (jlu ^ 

ji^Uxll .^Ij^ dib *A ^ 

(jiaLLi ^ di^f^jlll ^l.l&lul ‘ V (jl£ 

^jA^bU lUlxill 9J^I (jAAll ■AA.y . Ja'.V a'1 

ijjk ijiC’J 1 laijll JajjA^I fji 9J^I 9Ja^ ijiC’ .l^*Ai.,ia" J|j.all 

fbVI CjUlIala AjjIII 

VI ^ ^jL V 18.2.7 C5^ ^ ^ 

Ai^l£ A^Lum CiJ^ ^ 
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18.2.7.1 Mechanical splices shall be classified as (a) or (b); 

(a) Type 1 - Mechanical splice conforming to 25.5.7 

(b) Type 2 - Mechanical splice conforming to 25.5.7 and 
capable of developing the specified tensile strength of the 
spliced bars 

R18.2.7.1 The additional requirement for a Type 2 
mechanical splice is intended to result in a mechanical splice 
capable of sustaining inelastic strains through multiple 
cycles. 

lj\ 2 Cy> ^UiaVl jlila.'illj J*aiiR18.2.7.1 

:(v) ji (i) 18.2.7.1 

25.5.7 . 1 (i) 

jJlij 25.5.7 . 2 


18.2.7.2 Type 1 mechanical splices shall not be located 
within a distance equal to twice the member depth from the 
column or beam face for special moment frames or from 
critical sections where yielding of the reinforcement is likely 
to occur as a result of lateral displacements beyond the linear 
range of behavior. Type 2 mechanical splices shall be 
permitted at any location, except as noted in 18.9.2.1(c). 


\ iaAlli 18.2.7.2 

djjjUaV jl JjAxI) ^ j.L^WU 

^ulwull ^ Aj-v ^ jl 

^IjbU 

18.9.2.1 ^ fl^lyub f_gk 2 

" k) 


18.2.8Welded splices in special moment frames and special 
structural walls 

R18.2.8 Welded splices in special moment frames and 
special structural walls 

tjljJAj A.walAll j»jjSLll t^ljUal A^ajalAll 18.2.8 

J CjljUal ^ tlj!lj-^jiliR18.2.8 

18.2.8.1 Welded splices in reinforcement resisting 
earthquake-induced forces shall conform to 25.5.7 and shall 
not be located within a distance equal to twice the member 
depth from the column or beam face for special moment 
frames or from critical sections where yielding of the 
reinforcement is likely to occur as a result of lateral 
displacements beyond the linear range of behavior. 

R18.2.8.1 Welding of reinforcement should be in accordance 
with AWS D1.4 as required in Chapter 26. The locations of 
welded splices are restricted because reinforcement tension 
stresses in yielding regions can exceed the 
strengtrequirements of 25.5.7. The restriction on welded 
splices applies to all reinforcement resisting earthquake 
effects, including transverse reinforcement. 

^jH.A ^ulyuj ^ 18.2.8.1 

r ^jLwLA 25.5.7 

ji A_i^1A CjljUaV d^>A^l jl qa 

Ai^ljbU ^ulwuU 

AWS D1.4 ESjUx, (.UUl J ‘t^R18.2.8.1 

(j! .26 

JJjlU} (JjLL&ImiI ^jLUa ^ Imi 

A.uajjiAl) 25.5.7 

^uiyiul) iillj f_gk Iaj i ^jHaII 
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18.2.8.2 Welding of stirrups, ties, inserts, or other similar 
elements to longitudinal reinforcement required by design 
shall not be permitted. 

R18.2.8.2 Welding of crossing reinforcing bars can lead to 
local embrittlement of the steel. If welding of crossing bars is 
used to facilitate fabrication or placement of reinforcement. 

ji tLVLiJVl ji ji cnsl\ V 18.2.8.2 

it should be done only on bars added for such purposes. The 
prohibition of welding crossing reinforcing bars does not 
apply to bars that are welded with welding operations under 
continuous, competent control, as in the manufacture of 
welded-wire reinforcement. 

i AxlaUldl (jlwaft ui U^R18.2.8.2 

ji AxlaUldl 1 j|, ■''1 

(_j4aL V, ^ (ji ‘ "*'1 

(jUJaS JJ^ (jUJaS (jlajjLdI jla^l 

jk Lft£ ijjUMiji ajla^^ djLJaxj 

,1a liljLaSll 

18.3—Ordinary moment frames 

<y^UJI i^ljUal 18.3 - 

18.3.1 Scope 

Jb-di 18.3.1 

R18.3—Ordinary moment frames 

This section applies only to ordinary moment frames 
assigned to SDC B. The provisions for beam reinforcement 
are intended to improve continuity in the framing members 
and thereby improve lateral force resistance and structural 
integrity; these provisions do not apply to slab-column 

18.3.1.1 This section shall apply to ordinary moment frames 
forming part of the seismic-force-resisting system. 

moment frames. The provisions for columns are intended to 
provide additional capacity to resist shear for columns with 
proportions that would otherwise make them more 

^ CjljUai 18-3-1-1 

djill 

susceptible to shear failure under earthquake loading. 

18.3.2 Beams shall have at least two continuous bars at both 
top and bottom faces. Continuous bottom bars shall have 
area not less than one-fourth the maximum area of bottom 
bars along the span. These bars shall be anchored to develop 
fy in tension at the face of suppor. 

ki^iljUalRlS.S - 

SDC 4alajll jiaSfl fjiC' VI V 

jUaVljA^Ufr ^ ^jljAiudVl jib djAill 

^ djill ^jlLa 

SiaC-Sfb 5-uaLiJl u- >11. a^l^C-Sfl t::ilJ ^jC- ^\J^\ >c. ^Lia-Sfl 

>£1 1*^*^ >11 u^Mull CjU d.lafr^ 4j^ill ^jIAaI ^.^Lial dj.^ > 

^ JflVl C)\ 18.3.2 

Jjia Jij V 

.14^11 ^ fy jjialll 


18.3.3 Columns having unsupported length fu < 5cl shall 
have c() Vn at least the lesser of (a) and (b): 

(a) The shear associated with development of nominal 
moment strengths of the column at each restrained end of the 
unsupported length due to reverse curvature bending. 
Column flexural strength shall be calculated for the factored 
axial force, consistent with the direction of the lateral forces 
considered, resulting in the highest flexural strength 

(b) The maximum shear obtained from design load 
combinations that include E, with QoE substituted for E. 


tu < 5cl Jjla 14 ! »A.ebU ijjij (ji 18.3.3 

:{h‘) J (') (> (|)Vn JaVl 

djS \ Lft.a 
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18.4—Intermediate moment frames 


18.4.1 Scope 


( 9 ^ aljUall8.4 - 
18.4.1 


18.4.1.1 This section shall apply to intermediate moment 
frames including two-way slabs without beams forming part 
of the seismic-force-resisting system. 

iillj ^ Lftj CjljUal 18-4-1-1 

djUj CjIjaS CjIJ CjUa^i^j 


18.4.2 Beams 


aljiA^I 18.4.2 


18.4.2.1 Beams shall have at least two continuous bars at 
both top and bottom faces. Continuous bottom bars shall 
have area not less than one-fourth the maximum area of 
bottom bars along the span. These bars shall be anchored to 
develop fy in tension at the face of support. 

JaVl (jlft tjjLflljla (jlft (ji 18.4.2.1 

CxS^ ‘ .'U- ^ ^^^1x1) ^.3^^ 

Jjla 4.^Luul| V 

^ fyjjixul 

18.4.2.2 The positive moment strength at the face of the joint 
shall be at least one-third the negative moment strength 
provided at that face of the joint. Neither the negative nor 
thepositive moment strength at any section along the length 
of the beam shall be less than one-fifth the maximum 
moment strength provided at the face of either joint. 

JaVl (jlft ^ ^Jxll Sjs o' 4*^ 18.4.2.2 

^Jxll SjS Ui^ o' Ji^ O^' ‘■.I'".*'*" SjS 

O'*^ O^ ^0^' ^laLa ^ uilUjiDj 

Qji ^ \ 4.XJ AI& 


R18.4—Intermediate moment frames 

The objective of the requirements in 18.4.2.3 and 18.4.3.1 is 
to reduce the risk of failure in shear in beams and columns 
during an earthquake. Two options are provided to determine 
the factored shear force. 


jJalR18.4 - 

yi JAill jlai. jA 18.4.3.1 j 18.4.2.3 cjLlkUll ^>1 ijAfll 

J'jlJ ^Lui tXaCVIj 9o.>£ll ^ o^^' 


R18.4.2 Beams—According to 18.4.2.3(a), the factored 
shear force is determined from a free-body diagram obtained 
by cutting through the beam ends, with end moments 
assumed equal to the nominal moment strengths acting in 
reverse curvature bending, both clockwise and 
counterclockwise. Figure R18.4.2 demonstrates only one of 
the two options that are to be considered for every beam. To 
determine the maximum beam shear, it is assumed that its 
nominal moment strengths (cf) = 1.0 for moment) are 
developed simultaneously at both ends of its clear span. As 
indicated in Fig. R18.4.2, the shear associated with this 
condition [(Mnf -I- Mnr)/fn]is added algebraically to the 
shear due to the factored gravity loads to obtain the design 
shear for the beam. For the example shown, both the dead 
load wD and the live load wL have been assumed to be 
uniformly distributed. Effects of E acting vertically are to be 
included if required by the general building code. Provision 
18.4.2.3(b) bases Vu on the load combination including the 
earthquake effect E, which should be doubled. Eor example, 
the load combination defined by Eq. (5.3.1.e) would be 

U = 1.2D + 2.0E + l.OL + 0.2S 

where E is the value specified by the general building code. 
The factor of 1.0 applied to L is allowed to be reduced to 0.5 
in accordance with 5.3.3. Transverse reinforcement at the 
ends of the beam is required to be hoops. In most cases, 
transverse reinforcement required by 18.4.2.3 for the design 
shear force will be more than those required by 18.4.2.4. 
Beams may be subjected to axial compressive force due to 
prestressing or applied loads. The additional requirements in 
18.4.2.6 are intended to provide lateral support for beam 
longitudinal reinforcement. 
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18.4.2.3 c() Vn shall be at least the lesser of (a) and (b); 

(a) The sum of the shear associated with development of 
nominal moment strengths of the beam at each restrained end 
of the clear span due to reverse curvature bending and the 
shear calculated for factored gravity loads 

(b) The maximum shear obtained from design load 
combinations that include E, with E taken as twice that 
prescribed by the general building code 

■ (“) 'S (*) (t)Vn u' ‘7^18.4.2.3 

^ 

^ 

^Lull ^ 

18.4.2.4 At both ends of the beam, hoops shall be provided 
over a length of at least 2h measured from the face of the 
supporting member toward midspan. The first hoop shall be 
located not more than 50 mm. from the face of the 
supporting member. Spacing of hoops shall not exceed the 
smallest of (a) through (d): 

(a) d/4 

(b) Eight times the diameter of the smallest longitudinal bar 
enclosed 

(c) 24 times the diameter of the hoop bar 

(d) 300 mm 

2h (jc V Jjla cjUlill j^jj fuj i SjAill yi 18.4.2.4 

AJlSlI ‘‘ 

jjLjjj Vi Aa.j ,y> mm 50 Cf- 

ijj> yuai] cliLjliil CjliLuudl 

d/4(i) 

ju^\ jlaS LjlxJal AuLu 
LjjSx.« jlaS ijA 24 (z) 

mm 300 (J) 


18.4.2.5 Transverse reinforcement spacing shall not exceed 
d/2 throughout the length of the beam. 

d/2 jdl jtAuuh ijM jcLull jjLali Vi 18.4.2.5 

.5 j^\ 


COMMENTARY 

jijj 5ja jjjau .(i) 18.4.2.3J ‘ R18.4.2 

^ i dj.4^1) CjLL^ (jA 14 ^ ^ 

^ J.a9U AaAudVl ^144 

dl^l (jjSC'J dl^jl 4fU^Vl 

R18.4.2 J^-^1 

Ai^^l (jl (SjaH 

US L^lLkj ^jia ^ tijaj ^ Ujjjiaj = 1.0 

[(MnC ^ciLuaj i R.4.4.2j^^t ja 

ju^i Ijj^+ IVlnr) / ]n] 

^jA js ^ jijaU ajaaHl .s^^aSU ^^jaaaa^iiii 

R jIjI JSaaj WL j Ja^I dA^j 

.^bdl pUJ! 0- J-Vl 

E iiUj Uj 4jjAaJ! Vu -ic-lja (v) 18.4.2.3 

Sja^aII J^a&aII (JIaaII .AS^LiaA ^^aaL ^aII i 

uj^ Eq. (5.3.l.e) 

U = 1.2D + 2.0E + l.OL + 0 . 2 s 

JaI^ ^lama ,^1x 1) fUJl ^JsaaIjj dJA^All 4 .a^) ^ E 

^IsIaII ^aL a W I tJjlia-* .5.3.3 0.5 L JjIaAl) 1,0 

^uLaU) yjSj ^iaxA ^ d^>ASl) CjIaI^j ^ 

.18.4.2.4 tA,>lIaAl) ijA j^i (j^l Sjil 18.4.2.3 

JU&VI jl A 44 AJ ^^IsLuajI djil SjaSI) Ad 

^aII 18.4.2.6 A^LiaVl bliLAklAl) ijA 
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18.4.2.6 In beams having factored axial compressive force 
exceeding Agfc'/lO, transverse reinforcement required by 
18.4.2.5 shall conform to 25.7.2.2 and either 25.7.2.3 or 
25.7.2.4. 18.4.2.6 In beams having factored axial 

compressive force exceeding AgfcVlO, transverse 
reinforcement required by 18.4.2.5 shall conform to 25.7.2.2 
and either 25.7.2.3 or 25.7.2.4. 

Agfc ' / 5iaxJa ^ 18.4.2.6 

^ 18.4.2.5 fjjSa jxll (ji ‘ 10 

.25.7.2.4 ji 25.7.2.3 j 25.7.2.2 


18.4.3 Columns 


6JiA«i!ll8.4.3 


18.4.3.1 c() Vn shall be at least the lesser of (a) and (b); 

(a) The shear associated with development of nominal 
moment strengths of the column at each restrained end of the 
unsupported length due to reverse curvature bending. 
Column flexural strength shall be calculated for the factored 
axial force, consistent with the direction of the lateral forces 
considered, resulting in the highest flexural strength (b) The 
maximum shear obtained shear obtained from factored load 
combinations that include E, with QoE substituted for E 


■(“) '5 (*) <|)Vn o' 8.4.3.1 

(jA cijia .lip 

uLui^ ^ fC'iA Jjlall 

^ dl^l ^ 1.4J djill 

^ 1-^ ‘ 14;^ 

qa ^ 

Ei-i £2oE ^ ‘ E Jamj 



Vui 



Fig. R18.4.2—Design shears for intermediate moment 
frames. 

.A. dlljUaV R18.4.2 — 


R18.4.3 Columns—According to 18.4.3.1(a), the factored 
shear force is determined from a free-body diagram obtained 
by cutting through the column ends, with end moments 
assumed equal to the nominal moment strengths acting in 
reverse curvature bending, both clockwise and 
counterclockwise. Figure R18.4.2 demonstrates only one of 
the two options that are to be considered for every column. 
The factored axial force Pu should be chosen to develop the 
largest moment strength of the column within the range of 
design axial forces. Provision 18.4.3.1(b) for columns is 
similar to 18.4.2.3(b) for beams except it bases Vu on load 
combinations including the earthquake effect E, with E 
increased by the overstrength factor Qo rather than the factor 
2.0. In ASCE/SEI 7, Qo = 3.0 for intermediate moment 
frames. The higher factor for columns relative to beams is 
because of greater concerns about shear failures in columns. 
Transverse reinforcement at the ends of columns is required 
to be spirals or hoops. The amount of transverse 
reinforcement at the ends must satisfy both 18.4.3.1 and 
18.4.3.2. Note that hoops require seismic hooks at both ends. 
Discontinuous structural walls and other stiff members can 
impose large axial forces on supporting columns during 
earthquakes. The required transverse reinforcement in 
18.4.3.6 is to improve column toughness under anticipated 
demands. The factored axial compressive force related to 
earthquake effect should include the factor Qo if required by 
the general building code. 
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18.4.3.2 Columns shall be spirally reinforced in accordance 
with Chapter 10 or shall be in accordance with 18.4.3.3 
through 18.4.3.5. Provision 18.4.3.6 shall apply to all 
columns supporting discontinuous stiff members. 

SjS jjjau ^ 4 (a) 18.4.3.1 - 9-i-^V!R1 8.4.3 

AaaaaVI AJa^ JjIxj (jl ^ 4 d.lA&VI 

dL^l AfrluJl dL^l ^ fljAA 4 ^ Jaaj 

jjjij ji 10 Jkflill lisj 9±»ftVl ujSj (ji i.;j^l8.4.3.2 

18.4.3.6 18.4.3.5 18.4.3.3 -1 

,4X.dla ^ ■ "1 -v '1 j...dUxll 

^ Jai2 R.4.4.2 .^LaII 

dj^l ^ ^i c3^ 

^ Cuj^PU 

ijc La^ 4& jAiil (b) 18.4.2.3 ^ Sj-acbU (b) 18.4.3.1 a.jL4ajj 

E dJbj ^ 4 E ^ Ja^I ^jlC’ VU 

18.4.3.3 At both ends of the column, hoops shall be provided 
at spacing so over a length fo measured from the joint face. 
Spacing so shall not exceed the smallest of (a) through (d); 

(a) 8 times the diameter of the smallest longitudinal bar 
enclosed 

(b) 24 times the diameter of the hoop bar 

(c) One-half of the smallest cross-sectional dimension of the 
column 

(d) 300 mm. 

Length fo shall not be less than the greatest of (e), (f), and 
(g); 

(e) One-sixth of the clear span of the column 

(f) Maximum cross-sectional dimension of the column 

(g) 450 mm. 

‘ ASCE / SEI 7iJ .2.0 t> Vjj overstrength 

AHaIaI) SaaP^U ^^^VI JaUJI .AJa^ujlAll 4liljUa^Qo — 3.0 

ujIiaA .Saa^VI J^i (^\ djA^Jb 

^i .(jlj^Vl ji UJ^ Cji tbLj^J f_gk jaJl ^uLaaII 

.18.4.3.2 J 18.4.3.1 ^ ^t^Ajli a^ 

4jiAj .^j^jiall ^ aI& (j\ i^v 

dj^ A^^^^ U^J^Vl 4 JAjL^1a 1) jA^UxIl j AjtJaAlAll AaIL^} 

18.4.3.6 (-ijiiaAll jsdl ^lAajII .JjVjll pUji dAA&i 

djill uji^ ,AxS.^^1a 1} (JjUlIalAll J2a ^ J.^^AaJl Aj^L^ ^jjaaaj jA 

Qo J-alxl) AH9 l1a1| ^^^aa^aII A^UuaijVI 

^ ^ i 18.4.3.3 

' . ...... 

jiad cilxJal 3 (i) 

jiad dj.4 24 (^) 

mm 300 (J) 

(g):j (f) j (e) "Co" Vi 

JjAxU ^ ^^-^i (j) 

mm 450 ( (j) 


18.4.3.4 The first hoop shall be located not more than so/2 
from the joint face. 


ijm so/ 2 (> J^i 3jLSh Vi 18.4.3.4 


18.4.3.5 Outside of length fo, spacing of transverse 
reinforcement shall be in accordance with 10.7.6.5.2. 


jxll jijLjlill JCbj tjjij (j\ 1 Jo JjJa jjli 18.4.3.5 

.10.7.6.5.2 4 
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18.4.3.6 Columns supporting reactions from discontinuous 
stiff members, such as walls, shall be provided with 
transverse reinforcement at the spacing so in accordance with 
18.4.3.3 over the full height beneath the level at which the 
discontinuity occurs if the portion of factored axial 
compressive force in these members related to earthquake 
effects exceeds Agfe'/lO. If design forees have been 
magnified to account for the overstrength of the vertical 
elements of the seismic-force-resisting system, the limit of 
Agfc'/lO shall be increased to Agfc74. Transverse 
reinforcement shall extend above and below the column in 
accordance with 18.7.5.6(b). 

COMMENTARY 

JUiVl JjJj 4^1 ftAoc-Sfl Jjjj (j\ (-1^ 18-4-3-6 

J ^ ^ 

Jjia 18.4.3.3 

45^ ±u.^aI) iaLial) djfi ^ fU1 ^UaijVl 

^ _ Agfc ^ / lOjj'-^ JjVjil Aiixlftl! 

g-iltjul) Jlaj. Agfc /4(jJ! Agfc ' / 10 4 JaJl tjli 

.(‘t*) 18.7.5.6 4 llij Jj-aJi ciisjj (jjs 


18.4.4 Joint 

(OJ^I) 18.4.4 


18.4.4.1 Beam-column joints shall have transverse 
reinforcement conforming to Chapter 15. 


^ (jJSu 18.4.4.1 

,15 Juail! 


18.4.5 Two-way slabs without beams 

R18.4.5 Two-way slabs without beams—Section 18.4.5 
applies to two-way slabs without beams, such as flat 

AUalU 18.4.5 

platUsing load combinations of Eq. (5.3.le and (5.3.Ig) may 
result in moments requiring top and bottom reinforcement at 
the supports. The moment Msc refers, for a given design 
load combination with E acting in one horizontal direction, 
to that portion of the factored slab moment that is balanced 
by the supporting members at a joint. It is not necessarily 
equal to the total design moment at the support for a load 
combination including earthquake effect. In accordance with 
8.4.2.3.3, only a fraction of the moment Msc is assigned to 
the slab effective width. Eor edge and corner connections, 
flexural reinforcement perpendicular to the edge is not 
considered fully effective unless it is placed within the 
effective slab width (ACI 352.IR; Pan and Moehle 1989). 
Refer to Eig. R18.4.5.1. Application of the provisions of 
18.4.5 is illustrated in Eig. R18.4.5.2 and R18.4.5.3 

18.4.5 4jlj ^514 iri8.4.5 

cjL^jj cjUa5t4l i cj|j ^5t4l 

laaLjii c^iUan j»jje (g5.3.1 )j (c 5.3.1) (if' JS Eq. c> 

.J A , t Msc jj.4^,CjLal£.4l AjC- 4^^ 

ijM ^liUj 1 ciE ^ 

^ (jA ^ ^.41 

Lftj .ijP AaISII djjjiJallj 

QA Lis jjiAfl ^ i 8.4.2.3.3 4 llsj. JJVjll j4ij 41j ^ 

jllj cibtAdj ijl] Jlxill (jLj&llMsc 

ijA^ AxjSaj ^ ^ La LaLaj ULiS 4^1^! IjJjaC (JJaII jfixj V 

(ACI i IR Pan and Moehle 1989) ^JUill iiLll 

J 2-5-4-18 Ji4Jl R.4.4.5.1.Ji4Jl J\ i?.jl352. 

.18.4.5 -441 (_jj4aj 18.4.5.3 
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18.4.5.1 Factored slab moment at the support including 
earthquake effects, E, shall be calculated for load 
combinations given in Eq. (5.3. le) and (5.3. Ig). 
Reinforcement to resist Msc shall be placed within the 
column strip defined in 8.4.1.5. 

^ Lftj 18.4.5.1 

J. (5.3.le) ^ sUaxall JaxII jj Jxi Qa lE ‘ 

4.xjj. 4^ Jxb IMSC ( g. 5.3.1) 

.8.4.1.5 J 

18.4.5.2 Reinforcement placed within the effective width 
given in 8.4.2.3.3 shall be designed to resist yfMsc. Effeetive 
slab width for exterior and corner connections shall not 
extend beyond the column face a distance greater than ct 
measured perpendicular to the slab span. 

JUUl jxll (jxua ^ i_^ 18.4.5.2 

5ia5Lll Jlxill JlaJ (ji V. 8.4.2.3.3 

ct 0^ ^^^.4 x1) (Ja JxjI 

18.4.5.3 At least one-half of the reinforcement in the column 
strip at the support shall be placed within the effective slab 
width given in 8.4.2.3.3 

Jjc J^j.«xll 4 .xjja^ ^ ^uLauII ‘ “-aa' Jij V 1-4 18.4.5.3 

8.4.2.3.3 (J 

18.4.5.4 At least one-fourth of the top reinforcement at the 
support in the column strip shall be continuous throughout 
the span. 

^ SjjSjH jie ^ ji4ui4l jjj 18.4.5.4 

,jx4l Jl^ Ij.4lw44 J^^4xll 4.XJJA^ 

18.4.5.5Continuous bottom reinforcement in the column 
strip shall be at least one-third of the top reinforcement at the 
support in the column strip. 

JjAlxll aLXJJA^ ^ J.4llul.4l ^ulul4l ijjij (ji 18.4.5.5 

,J^^4xll ^ 4c (^jlxll ^uL-l4l JiSh 

18.4.5.6At least one-half of all bottom middle strip 
reinforcement and all bottom column strip reinforcement at 
midspan shall be continuous and shall develop fy at the face 
of support as defined in 8.10.3.2.1. 

AjU. ,ij'l ^'a- "'I ^uLauII lAaOj (jjij (ji 18.4.5.6 

AtLcljla jx4l ‘ a.-A*;.. ^ Jj.4xll 4 .xjja^ ^'a. ,,'1 ,,'\l jLAA^j (JsSh 

.8.10.3.2.1 (^ J'i»-a jA l-aS aJjSjll aLxj 4c fy (ji 

18.4.5.7 At discontinuous edges of the slab, all top and 
bottom reinforcement at the support shall be developed at the 
face of support as defined in 8.10.3.2.1 

^4aju1) i Aia5L4 dj.4lu44 j^l i-iljiaVI 4c 18.4.5.7 

8.10.3.2.1 (^ J-ixAi j* 14 llsj »j4jll 4c (jfjA4lj ( 5 jkll 


COMMENTARY 



(a) Edge connection 



(b) Comer connection 

Eig. R18.4.5.1—Effective width for reinforcement placement 
in edge and corner connections. 

Silxll cjjLcj ^ ^.4 a 41I j4aj4 Jlxill (jij4l; R18.4.5.1 - (Ji-Aill 

.Cjljllj 
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- H -V 

Column^ 

"-riD/ 


C2a + 36 



K_ L ^ 


^Column strip 

All reinforcement 
to resist M^c to be 
placed In column 
_strip (18.4.5.1) 


-Reinforcement to resist YfMsc (18.4.5.2), 
but not less than half of reinforcement in 
column strip (18.4.5.3) 

Note: Applies to both top and bottom reinforcement 
Fig. R18.4.5.2 Location of reinforcement in slabs. 


■ Not less than one-fourth 
of top reinforcement at 



-Top and bottom 
reinforcement 
to be developed 
(18.4.5.6 and 18.4.5.7) 
Column strip 



Fig. R18.4.5.3 Arrangement of reinforcement in slabs. 


18.4.5.8 At the critical sections for columns defined in 
22.6.4.1, two-way shear caused by factored gravity loads 
shall not exceed 0.44)Vc, where Vc shall be calculated in 
accordance with 22.6.5. This requirement need not be 
satisfied if the slab satisfies 18.14.5 

Vi i 22.6.4.1 SJJa-dl jJalLdI <^18.4.5.8 

‘0.4(|>Vc ‘tuijll JLa^VI 

^5411 |j| Jaj^l Ija f-i 4'*' 22.6.5 4 tisj Vc 

18.14.5 4 Ajajiuia 


Fig. R18.4.5.3—Arrangement of reinforcement in slabs 

cjUaiUll jui-ull jj R18.4.5.3 - j JSAII 

R18.4.5.8 The requirements apply to two-way slabs that are 
designated part of the seismic-force-resisting system. Slab- 
column connections in laboratory tests (Pan and Moehle 
1989) exhibited reduced lateral displacement ductility when 
the shear at the column connection exceeded the 
recommended limit. Slab-column connections also must 
satisfy shear and moment strength requirements of Chapter 8 
under load combinations including earthquake effect. 

^ ^^1 clilj CjUa5t4l ijc. iliLlialdl (3f^RlS.4..5.8 

^ 4ja5t4l iyA iliVLdj JJVjll ^ ^ 

^IjVI (jiUaji (Pan and Moehle 1989) cj|jUii.VI 

lf\ ^ .ijc. Jjl.^ 'I 

^ j o^^l fjjtiliala ^5t4l 

,Jl jljll ^ Lu J.a^l Cjlgja-\.a ^ 8 
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18.5—Intermediate precast structural walls 

WUdll gaill tjljJAlS.S - 

18.5.1 Scope 

18.5.1 

18.5.1.1 This section shall apply to intermediate precast 
structural walls forming part of the seismic-force-resisting 
system. 

U'j-i?' ijiC’ 18.5.1.1 

djU) Qji 

18.5.2 General 

18.5.2 

18.5.2.1 In connections between wall panels, or between wall 
panels and the foundation, yielding shall be restricted to steel 
elements or reinforcement. 

ij\ jJ^l CjUaiL ijM j\ i ij\ jJ^l tliUaiL qm iJjiLfljll ^ 18.5.2.1 
j\ jVjHI jA.dUc ijiC’ ‘ ^LuiVlj 

18.5.2.2 For elements of the connection that are not designed 
to yield, the required strength shall be based on 1.5Sy of the 
yielding portion of the connection. 

t A AA.AAA jA^Uxl aUaAaHIj 18.5.2.2 

JL^aj'sh 0- (I l.SSy ^J■\ Cjlkdl i jilt 

18.5.2.3 In structures assigned to SDC D, E, or F, wall piers 
shall be designed in accordance with 18.10.8 or 18.14. 

^ ‘ F ji E ji SDC D ^ 18.5.2.3 

.18.14 ji 18.10.8 -i 


18.6—Beams of special moment frames 

gdU ^iljUaiS 4il>a2 18.6 - 

18.6.1 Scope 

Jb-dl 18.6.1 


COMMENTARY 

R18.5—Intermediate precast structural walls 

Connections between precast wall panels or between wall 
panels and the foundation are required to resist forces 
induced by earthquake motions and to provide for yielding in 
the vicinity of connections. When Type 2 mechanical 
splices are used to directly connect primary reinforcement, 
the probable strength of the splice should be at least 1.5 
times the specified yield strength of the reinforcement. 

oam t^lj^R18.5 - 

(jlj.1^1 AJaiUll ^ j\ (jljJall AJaiUll qm CjiLaj ^jL 

^ (jf- ^LajVIj 

2 IaaIII Qa .it fjA ^jill 

(ji 

ii'U jjA ajA 1,5 JsVI 


R18.6—Beams of special moment frames 

jdla |9>c aljUai! Ql>aSR18.6 — 

R18.6.1 Scope —This section applies to beams of special 
moment frames resisting lateral loads induced by earthquake 
motions. In previous Codes, any frame member subjected to 
a factored axial compressive force exceeding (Agfc'/lO) 
under any load combination was to be proportioned and 
detailed as described in 18.7. In the 2014 Code, all 
requirements for beams are contained in 18.6 regardless of 
the magnitude of axial compressive force. This Code is 
written with the assumption that special moment frames 
comprise horizontal beams and vertical columns 
interconnected by beam-column joints. It is acceptable for 
beams and columns to be inclined provided the resulting 
system behaves as a frame—that is, lateral resistance is 
provided primarily by moment transfer between beams and 
columns rather than by strut or brace action. 
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18.6.1.1 This section shall apply to beams of special moment 
frames that form part of the seismic-force-resisting system 
and are proportioned primarily to resist flexure and shear. 

Cj|jUaV Jaij 18.6.1.1 

^ JjVl ^ uimjUjjj djll) (ja 

18.6.1.2 Beams of special moment frames shall frame into 
columns of special moment frames satisfying 18.7. 


tilljUai ^1 tilljUaSl tillj.>ill Ciml t-i^ 18.6.1.2 

.18.7 ^ <^l oali 


18.6.2 Dimensional limits 


Jluiil Jj^l8.6.2 


18.6.2.1 Beams shall satisfy (a) through (c): 

(a) Clear span fn shall be at least 4d 

(b) Width bw shall be at least the lesser of 0.3h and 10 in. (c) 
Projection of the beam width beyond the width of the 
supporting column on each side shall not exceed the lesser of 
c2 and 0.75cl. 


•(S) (*) tiiij^i (ji t^i8.6.2.1 

4d t^VI (jJft yiUall Jjiall (jjij (ji t^ (i) 

10 j 0.3h Cy> Jsi JiVI ijc- bw (j^j»ll ai% u' (‘r') 
IjlC' ^1^1 J^j.aiLll tUaSLuill 3j.>£fI 4 *^ (c) 

0.75cl j c2 (> Jii s"l^ Js 


In special moment frames, it is acceptable to design beams to 
resist combined moment and axial force as occurs in beams 
that act both as moment frame members and as chords or 
collectors of a diaphragm. It is acceptable for beams of 
special moment frames to cantilever beyond columns, but 
such cantilevers are not part of the special moment frame 
that forms part of the seismic-force-resisting system. It is 
acceptable for beams of a special moment frame to connect 
into a wall boundary if the boundary is reinforced as a 
special moment frame column in accordance with 18.7. A 
concrete braced frame, in which lateral resistance is 
provided primarily by axial forces in beams and columns, is 
not a recognized seismic-force-resisting system. 


<<^l-\.'l tilljUal fjA III jaI ijlC’ j->*j 1.'I lift (jjlatj - (jUalll]H8.6.1 

a 4 . .i\t j|j£VI ^ .JjVjll A^l^l JLa^VI ^^1 

(Agfc ' / jjl-^^ Ialx4aj| dj^ ^ ilalA jUal (jlS 

jk I.a£ iL^Laj UJ% 4.^jj Cj^lQ) 

jlilll 18.6 ilil>«ill iliUllala Jjj 42014 JjS ^ .18.7 

ililjUal ^1 (j^ljjSb JjUl aJA 4.jUi£ Caaj Wi ^ 

4ja^|^ Aiajljlall Aj^i^l aAa&Vlj A.J^VI dj.a£ll ^.Jaj 4_i^lAll 
^1 AllLa aXa&Vlj dj.a£ll (jl ^ ,d^).a£ll ^^^a£- J^^lLa 


^l^.ail ^ ^ ^jI^aII - jtia^ ^1411 ^Ullll 

ji ^IcaII (J.ae jjA SIJj aXaCVIj 5^>.aSll Aijail Jij (jjjla Cfi Jj^l 

^jHaI dja£ll ^ .>4l ^jjxll IjljUal ^ ,^l£Ail 

^ jA^UiL£ Jaiu ^^1 a^^aSlI ^ iljAaj La£ ^jlAail ^j^^a.all a^^lj ^j^l 

Aa^lAll jlaVI ^ ,Aj.4i&bU (IjljL.al.a ji CjIaIAmj 

fjA Ipja clu^ajiil Ij^l£ll alA idXa&VI ^jIA (ji 

(jA .JjV^I A-ajlia (jA Ifja JSaij (^aII (j^lAll ^^4.ajll jUaVI 

jjjju ^ iJl Jaila jlA^ (j^lAll ^j&ll dU djaSlI (ji 

A^ ^ ^ill jUaVI .18.7 4 I^J (J^IA ^jxll (Ii|j AjAaJi 

aj.aSll ^ (5J^I (Jjta Qa ^jVI A^l^l ^jlXall 

.JjVjll ^jU.al Cajl^ Cali^ (J^ 4dAa&Vlj 


R18.6.2 Dimensional limits—Experimental evidence 
(Hirosawa 1977) indicates that, under reversals of 

displacement into the nonlinear range, behavior of 

continuous members having length-to-depth ratios of less 
than 4 is significantly different from the behavior of 
relatively slender members. Design rules derived from 

experience with relatively slender members do not apply 
directly to members with length-to-depth ratios less than 4, 
especially with respect to shear strength. Geometric 
constraints indicated in 18.6.2.1(b) and (c) were derived 
from practice and research (ACI 352R) on reinforced 

concrete frames resisting earthquake-induced forces. The 
limits in 18.6.2.1(c) define the maximum beam width that 
can effectively transfer forces into the beam-column joint. 
An example of maximum effective beam width is shown in 
Fig. R18.6.2. 


if^\ (Hirosawa 1977) ^j^l ^jVI j:^ - jI*jVI Jja^R18.6.2 

j^Uiill liljlui ‘ il'Aj 1 ^xdl ^ ^jj41l iIjLuiLixjl (Jia ^ i AJi 

(j& (3^^ 4 (1 h (3^1 (3^ laauj (jjAll (j^L^ldll 

^ ^j^Ill (j.a AaIwlaII (3^1^11 V, , Iamj (j^L^Ill j.«^Uxll 

(jA (Jfil (3^ lajmI (jd^l jA^Uall -<* A U.V *\l j.,^Uxll 

l^^l jLAaII Aj. .14*^ \t CjA.aluj|, (j^ill ^3-1*4 .i A_i^1A 4 4 

Ji (ACI 352R) a. 444 jU« 1 i (> (c) j (b) 18.6.2.1 J 

JJal ( 2 ^) 18.6.2.1 JjAa.. bliljUaj 

. JiAlj ^ Jlla 

.R.18.6.2 


439 






CODE 

jjSlI 


COMMENTARY 


Direction of 
analysis 


I 




L 


- Transverse reinforcement through 
the column to confine beam 
longitudinal reinforcement passing 
outside the column core 










C2 


1 


>■ 


A 


PLAN 



Transverse reinforcement in column above and 
below the joint not shown for clarity 

SECTION A-A 


Fig. R18.6.2 Maximum effective width of wide beam and 
Fig. R18.6.2—^Maximum effective width of wide beam and 
required transverse reinforcement. 

j 'Uiajjxll 9Jlxill (jijxll ; R18.6.2 - 
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18.6.3 Longitudinal reinforcemen 

e.ijilirtill 18.6.3 

R18.6.3 Longitudinal reinforcement 

Ci4iAllR18.6.3 

18.6.3.1 Beams shall have at least two continuous bars at 
both top and bottom faces. At any section, for top as well as 
for bottom reinforcement, the amount of reinforcement shall 
be at least that required by 9.6.1.2 and the reinforcement 
ratio p shall not exceed 0.025. 

R18.6.3.1 The limiting reinforcement ratio of 0.025 is based 
primarily on considerations of reinforcement congestion and, 
indirectly, on limiting shear stresses in beams of typical 
proportions. 

^ JjVI ^ 0.025 »4A41 juL-ull V" a«^R18.6.3.1 

^ JflVl (jJc- (ji 18.6.3.1 

V (jij 9. 6.1.2 (^1 (JjSj (ji t 

.0.025 Cfi" AdMU Jjjj 

J£aajj ( ^tAwul) CjljUjfrl 

uimJ CjIj d^>A£ ^ 

18.6.3.2 Positive moment strength at joint face shall be at 
least one-half the negative moment strength provided at that 
face of the joint. Both the negative and the positive moment 
strength at any section along member length shall be at least 
one-fourth the maximum moment strength provided at face 
of either joint. 


iji i_L.aj A^j .lie iji uJ^ 18.6.3.2 

ijM JS uJ^ a^j ajC' JaVI ijiC’ ulLull 

SjS JJJ JaVl (jlft Jjlaj ^JaLa ^ fjall 'UlLjJlj 4 ^ja1| 

^ ^ jijla jijft 


18.6.3.3 Lap splices of deformed longitudinal reinforcement 
shall be permitted if hoop or spiral reinforcement is 
provided over the lap length. Spacing of the transverse 
reinforcement enclosing the lap-spliced bars shall not exceed 
the lesser of d/4 and 4 in. Lap splices shall not be used in 
locations (a) through (c): 

(a) Within the joints 

(b) Within a distance of twice the beam depth from the face 
of the joint 

(c) Within a distance of twice the beam depth from critical 
sections where flexural yielding is likely to occur as a result 
of lateral displacements beyond the elastic range of behavior 

R18.6.3.3 Lap splices of reinforcement are prohibited along 
lengths where flexural yielding is anticipated because such 
splices are not reliable under conditions of cyclic loading 
into the inelastic range. Transverse reinforcement for lap 
splices at any location is mandatory because of the potential 
of concrete cover spalling and the need to confine the splice. 

^ IjI ^Auij 18.6.3.3. 

jjjj Jjia ji 

Jfli JilJlAll (jIxaII jxl! 

^ ^ 4 j d / 4 

JiU (i) 

^ AiU.a.4 

Jxj ^IjbU A,^^ f U^Vl (ji 
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18.6.3.4 Mechanical splices shall conform to 18.2.7 and 
welded splices shall conform to 18.2.8. 

(ji 18.2.7 J-* (jjUajJ (j\ 18.6.3.4 

.18.2.8 ^ 

18.6.3.5 Unless used in a special moment frame as permitted 
by 18.9.2.3, prestressing shall satisfy (a) through (d): 

(a) The average prestress fpc calculated for an area equal to 
the least cross-sectional dimension of the beam multiplied by 
the perpendicular cross-sectional dimension shall not exceed 
the lesser of 3.5 MPa and fcVlO. 

(b) Prestressing steel shall be unbonded in potential plastic 
hinge regions, and the calculated strains in prestressing steel 
under the design displacement shall be less than 0.01. 

(c) Prestressing steel shall not contribute more than 
onefourth of the positive or negative flexural strength at the 
critical section in a plastic hinge region and shall be 
anchored at or beyond the exterior face of the joint. 

(d) Anchorages of post-tensioning tendons resisting 
earthquake-induced forces shall be capable of allowing 
tendons to withstand 50 cycles of loading, with prestressed 
reinforcement forces bounded by 40 and 85 percent of the 
specified tensile strength of the prestressing steel. 

^ Aj jA 1.a£ jUal ^ ^ ^ 1^18.6.3.5 

• (■“) (*) 0^ 6' ‘ 18.9.2.3 

AjjLaa IsaajIa fp(; VI 

i ijjSajxM XaUlall ^ ajaiU Jxj j£V 

J Jl^vi jVja ^ V . fc ' /10 j3.5 MPa 0- Jai 

^ CjVhtllVl CX5^ 

.0.01 0^ Jai AAAjA.t.^1 ^IJVI cjaj jI^VI jVjS 

^U^VI ajS fja j^i jL^VI (Jaaaa jV.^1 V 
(ji ^ ^JalAll ^ ^LaIIj 

djjli 4.^U1| JjV^ll c^ja 4^V Cx3^ (a) 

jl^.^Vl ^ (Jaa^aII (ja djjJ 50 CA^liU ^IaaaI) 

^_^aaaa jV.,^111 AaaII dj2 Qa ^IaII ^ 85 J 40 ^Iamuj ^^aaaaII 

.Jiao's!' 


COMMENTARY 


R18.6.3.5 These provisions were developed, in part, based 
on observations of building performance in earthquakes 
(ACI 423.3R). For calculating the average prestress, the least 
cross-sectional dimension in a beam normally is the web 
dimension, and is not intended to refer to the flange 
thickness. In a potential plastic hinge region, the limitation 
on strain and the requirement for unbonded tendons are 
intended to prevent fracture of tendons under inelastic 
earthquake deformation. Calculation of strain in the 
prestressing steel is required considering the anticipated 
inelastic mechanism of the structure. For prestressing steel 
unbonded along the full beam span, strains generally will be 
well below the specified limit. For prestressing steel with 
short unbonded length through or adjacent to the joint, the 
additional strain due to earthquake deformation is calculated 
as the product of the depth to the neutral axis and the sum of 
plastic hinge rotations at the joint, divided by the unbonded 
length. The restrictions on the flexural strength provided by 
the tendons are based on the results of analytical and 
experimental studies (Ishizuka and Hawkins 1987; Park and 
Thompson 1977). Although satisfactory seismic performance 
can be obtained with greater amounts of prestressing steel, 
this restriction is needed to allow the use of the same 
response modification and deflection amplification factors as 
those specified in model codes for special moment frames 
without prestressing steel. Prestressed special moment 
frames will generally contain continuous prestressing steel 
that is anchored with adequate cover at or beyond the 
exterior face of each beam-column connection located at the 
ends of the moment frame. 

Fatigue testing for 50 cycles of loading between 40 and 80 
percent of the specified tensile strength of the prestressed 
reinforcement has been a long-standing industry practice 
(ACI 423.3R; ACI 423.7). The 80 percent limit was 
increased to 85 percent to correspond to the 1 percent limit 
on the strain in prestressed reinforcement. Testing over this 
range of stress is intended to conservatively simulate the 
effect of a severe earthquake. Additional details on testing 
procedures are provided in ACI 423.7. 
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18.6.4 Transverse reinforcement 

eitliiiill 18.6.4 

18.6.4.1 Hoops shall be provided in the following regions of 
a beam: 

(a) Over a length equal to twice the beam depth measured 
from the face of the supporting column toward midspan, at 
both ends of the beam 

(b) Over lengths equal to twice the beam depth on both sides 
of a section where flexural yielding is likely to occur as a 
result of lateral displacements beyond the elastic range of 
behavior 


^ ^ CjUlSil 18.6.4.1 

SjaSII ‘ Jjia 

‘>^1 ‘ 

y Qa 

JL^ ^IjbU ija 

18.6.4.2 Where hoops are required, primary longitudinal 
reinforcing bars closest to the tension and compression faces 
shall have lateral support in accordance with 25.7.2.3 and 
25.7.2.4. The spacing of transversely supported flexural 
reinforcing bars shall not exceed 350mm. Skin reinforcement 
required by 9.7.2.3 need not be laterally supported. 


^1^1 U>^ ul ^ CjUlill 18.6.4.2 

J CiSj u^\ uj^VI A.uji.ujh 

(lUaJVI Cm Vi 25.7.2.4 j 25.7.2.3 

Cyi V .350ini11 

9.1.13 

18.6.4.3 Hoops in beams shall be permitted to be made up of 
two pieces of reinforcement: a stirrup having seismic hooks 
at both ends and closed by a crosstie. Consecutive crossties 
engaging the same longitudinal bar shall have their 90- 
degree hooks at opposite sides of the flexural member. If the 
longitudinal reinforcing bars secured by the crossties are 
confined by a slab on only one side of the beam, the 90- 
degree hooks of the crossties shall be placed on that side. 


COMMENTARY 


^Uj IjUIwjI 4 Ci,y\C\ ^R18.6.3.5 

Cm (ACI 423.3R). JjVjll f'UVl 

klj^L^Loll A^iala ^ djL^Vl 

uilialaj 

uiLuA djAAj JIa ^ WOb ^ 

^ ^ A 

AjaaIIL (jjA 

,J.1^aI| .1^1 ^JA Jii Ia^^aP 4A1aIS 1| dJAill jIjIaI 

ji jU^aII AjaaHL 

A^UJj 4^Luayi Aa&a^) ^ 4Ja^Aa!) ^ uj^L 

CjIjjJ ^ja^j (jAxl! l^\ ^ 

IaJaaIa (jA^iAll ^ AjjaII (Jj^L^iAll 

AjLA^^I ClLyulj^l jljjVl fl^Vl 

Park and ^Hawkins 1987j (Ishizuka 
pbi ^ 0 ^ u- (^Thompson 1977). 

IIa (ji VI 4>^1>4.^VI A^jaaa bijUAij jA 

AjL^JauVI ^LamJI UjlixA 

.Jl^yi JVjA UJ*^ Aa^IAI) CjljUaV ^JIaII) ^ jA 

JVjA AIjaaa!) Aa^IAI) ^jjxll 4lj|jUal 

Al^j c^Ua fUaaj jaIwia 

djjJ 50 dJj^jA d jaII) 

^IaaII A4^I ^jHa dijlS J.1 ^a1| (ja ^IaIIj 80 J 40 J^A^jil 

SjLj ^ ACI 423.7). ^ (ACI 423.3R 

jL^vi (jJc- ^UaIi ^ 1 ^ ^ (jaljjil ^ 85 c5^! 80 

dl^L^ ^Uxlll IIa jl^l ,jL^yi ^uluull ^ 

^ jbiiVl tlilfl(jfr Actual J^JJ ^ 

.ACI 423.7. 


R 18.6.4 Transverse reinforcement—Transverse 
reinforcement is required primarily to confine the concrete 
and maintain lateral support for the reinforcing bars in 
regions where yielding is expected. Examples of hoops 
suitable for beams are shown in Fig. R18.6.4. In earlier Code 
editions, the upper limit on hoop spacing was the least of d/4, 
eight longitudinal bar diameters, 24 tie bar diameters, and 
300 mm. The upper limits were changed in the 2011 edition 
because of concerns about adequacy of longitudinal bar 
buckling restraint and confinement in large beams. In the 
case of members with varying strength along the span or 
members for which the permanent load represents a large 
proportion of the total design load, concentrations of 
inelastic rotation may occur within the span. If such a 
condition is anticipated, transverse reinforcement is also 
required in regions where yielding is expected. Because 
spalling of the concrete shell might occur, especially at and 
near regions of flexural yielding, all web reinforcement is 
required to be provided in the form of closed hoops. 

JjVi ^ 1 jjIp ^uIaaj jaVI - jjIxIi 

^jiaUAll ^ ^Luuj^l 

, J£a^) ^ A^^a^ A^UaII ^ A^i 

J&U ^ 0- cjljlAuaVl i^R18.6.4. 

24 J ^ ^^Lajj t d / 4c>^ J^Vl ^IjlaVI 

(_4^ 2011 ^ .mm 300 j ‘ 

^ djAil) ^ ^l.i£ uijl^Ail 

j.4^ljxll ji jIjIaVI Jjla ^jUIa dji jA^Uxll 

CjIj^jj ^ 4^aA4^2ll Ja^I ^ dj^ Ajaaj Ja^I (,^aj 

tLxfljla la jJiA] IIa ^LS iJl .jIjIaVI 0^ 

(jiaUAl) ^ ^uluull 

^jLUaI) ^ Aa^IA djA^I ^ ^.UAvll AjV 

A.iAAl) ^laLaUI ^^a^ ujilLj 4^U1 jV1 

.AxIxa (JSaa 
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(jA (jA Cj|j.aLll ^ CjUUII ^Auij 18.6.4.3 

, 4JaA.ul^ ^ CjUIS 

iJjliUft^ ,_^l ^Uilall tJjU£xU (jj% (ji 

^j'‘tiull |j|, fjh 90 

IjA JaiS (j^ ijjAO^Ai '"'I »<«'!; ^j.»Jaa') 

lit ijiC’ ^jJ 90 2^-i ‘aj.9^1 


18.6.4.4 The first hoop shall be located not more than 50mm. 
from the face of a supporting column. Spacing of the hoops 
shall not exceed the least of (a) through (c); 

(a) d/4 

(b) Six times the diameter of the smallest primary flexural 
reinforcing bars excluding longitudinal skin reinforcement 
required by 9.7.2.3 

(c) 150mm. 


''aj mmSO (> j^i '!l’' ^4;! 18.6.4.4 

■(^) C) ^ diljlill cjliLuidll jjLaJu Vi 


d/4(i) 

^uluu ^Lulub ^uluul AijUjij.’tjl) yua\ Jai L4bi.4ai Aaja 

9.7.2.3 (J jlall kA^\ 

minlSO (s) 


18.6.4.5 Where hoops are required, they shall be designed 
to resist shear according to 18.6.5 

J llsj ^ 4 ^A cjUlsll 18.6.4.5 

.18.6.5 


18.6.4.6 Where hoops are not required, stirrups with 
seismic hooks at both ends shall be spaced at a distance not 
more than d/2 throughout the length of the beam. 

CjIJ ^ (JjUll (ji *T^ iCjUlSU iilUA V 18.6.4.6 

J5tk (1/2 V ijiS' .lie CjliUakll 

.5Jjla 


18.6.4.7 In beams having factored axial compressive 
force exceeding AgfcVlO, hoops satisfying 18.7.5.2 through 
18.7.5.4 shall be provided along lengths given in 18.6.4.1. 
Along the remaining length, hoops satisfying 18.7.5.2 
shall have spacing s not exceeding the lesser of six times 
the diameter of the smallest longitudinal beam bars and 
150mm. Where concrete cover over transverse reinforcement 
exceeds 100mm in., additional transverse reinforcement 
having cover not exceeding 100mm. and spacing not 
exceeding 300mm. shall be provided 

Agfc ' / iJOA^A iaxJa sjS ^ 18.6.4.7 

jjWl ^ 18.7.5.4 18.7.5.2 j^j2 . lo 

ibbtsll tji Jjlill ijk-, 18.6.4.1 

jlai LjU.4ai <tlui JjJj V ililiLuu 18.7.5.2 

^4mu1) pUaxlj jjl^.LV .150ini11 

jAjj j»jjj mmlOO Cfi 4i> ^aUjj mmlOO 

mm.300 V ^1— 



90 degree hooks 



Fig. R18.6.4— Examples of overlapping hoops and 
illustration of limit on maximum horizontal spacing of 
supported longitudinal bars. 


JaJi SjilJldl JljlaVl Jc- 3i«i. R18.6.4 - 

^j.ubU jcUjU 
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18.6.5 Shear strength 


^^1 ^jlA«18.6.5 


18.6.5.1 Design forces—The design shear force Ve shall be 
calculated from consideration of the forces on the portion of 
the beam between faces of the joints. It shall be assumed that 
moments of opposite sign corresponding to probable flexural 
strength, Mpr, act at the joint faces and that the beam is 
loaded with the factored tributary gravity load along its span. 


^ 18.6.5.1 

(jl (jiljjSl 9 

J.UJ ‘IMpr 9j2 9jLuVI 

AajIj CX3^ 9^).aSlj (jlj 

18.6.5.2 Transverse reinforcement— 

Transverse reinforcement over the lengths identified in 
18.6.4.1 shall be designed to resist shear a ssuming Vc = 0 
when both (a) and (b) occur: 

(a) The earthquake-induced shear force calculated in 
accordance with 18.6.5.1 represents at least one-half of the 
maximum required shear strength within those lengths. 

(b) The factored axial compressive force Pu including 
earthquake effects is less than Agfc720. 

JlJlil u^a jail -tj.a.wa'i i_^ \i.r^ 18.6.5.2 

Ajft Vc = 0 jjSIj 4..ajli»l 18.6.4.1 9JJa-»ll JljJaVI 

(b):j (a) js 

i 18.6.5.1 (i) 

.JljiaVl ^djd ^ JdVl 

JaI ^ Iaj Pii JaLJalj dj2 

. Agfc720 
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R18.6.5 Shear strength—Unless a beam possesses a moment 
strength that is on the order of 3 or 4 times the design 
moment, it should be assumed that it will yield in flexure in 
the event of a major earthquake. The design shear force 
should be selected so as to be a good approximation of the 
maximum shear that may develop in a member. Therefore, 
required shear strength for frame members is related to 
flexural strengths of the designed member rather than to 
factored shear forces indicated by lateral load analysis. The 
conditions described by 18.6.5.1 are illustrated in Fig. 
R18.6.5. Because the actual yield strength of the longitudinal 
reinforcement may exceed the specified yield strength and 
because strain hardening of the reinforcement is likely to 
take place at a joint subjected to large rotations, required 
shear strengths are determined using a stress of at least 
1.25fy in the longitudinal reinforcement. Experimental 
studies (Popov et al. 1972) of reinforced concrete members 
subjected to cyclic loading have demonstrated that more 
shear reinforcement is required to ensure a flexural failure if 
the member is subjected to alternating nonlinear 
displacements than if the member is loaded in only one 
direction: the necessary increase of shear reinforcement 
being higher in the case of no axial load. This observation 
is reflected in the Code (refer to 18.6.5.2) by eliminating the 
term representing the contribution of concrete to shear 
strength. The added conservatism on shear is deemed 
necessary in locations where potential flexural hinging may 
occur. However, this stratagem, chosen for its relative 
simplicity, should not be interpreted to mean that no concrete 
is required to resist shear. On the contrary, it may be argued 
that the concrete core resists all the shear with the shear 
(transverse) reinforcement confining and strengthening the 
concrete. The confined concrete core plays an important role 
in the behavior of the beam and should not be reduced to a 
minimum just because the design expression does not 
explicitly recognize it. 


ijM u ySu ijfi lilfLu 9^ La - ^jl^R18.6.5 

JJajU uijaial JjSl /ja Clllj.a 4 3 

9ja 

^ ^ 

pU^Vl 4ja^j.a jlaVl ^ 

JLuJi 18.6.5.1 


Uajl^ .92 ^jLa\l Uajl^ ljl^R.6.6.5. 

da.aka ^ (jl ^^j.all ija ijij ^ < w ..'I 

(jC JSL V lakAa jaljAlub 9j2 lalAj ^ ^ 

(Popov et al. 1972) cjLuiljAl cHu] jtaLAi ^ 1.25 

(jji .UjaII 4JI AAajXAll 

^L.v'1 JjuAl |j| ^LIajVI (Jlk ^LaAil 


dl^l ^ jiJaxI) ^ ^ Laa c^jlUlL 

UJ% 

qa (18.6.5.2 j) 

^LuaVl ial^l jaIxj ^ JIoj 

V o,:a jmiAj 

^ dl.^1 

cijauj V ^ Vi 


445 








CODE 

jjSlI 


COMMENTARY 


Notes on Fig. Ri8.6.5: 

1. Direction of shear force depends on relative magnitude 
of gravity loads and shear generated by end moments. 

2. End moments Mpr based on steel tensile stress of 1.25 fy 
where fy is specified yield strength. (Both end moments 
should be considered in both directions, clockwise and 
counter-clockwise). 

3. End moment Mpr for columns need not be greater than 
moments generated by the Mpr of the beams framing intc 
the beam-column joints. V* should not be less than that 
required by analysis of the structure. 



/ 


iv« = 1.20 + 1 .OL + 0.2S 


M, 


111111111 , 

- - - 1 ^ 


VVl 


V,2 








Fig. R18.6.5—Design shears for beams and columns. 


18.7—Columns of special moment frames 

iydbJI |9j>aJI QljUal oJiMl 18.7 — 


18.7.1 Scope 


18.7.1 


18.7.1.1 This section shall apply to columns of special 
moment frames that form part of the seismic-force-resisting 
system and are proportioned primarily to resist flexure, 
shear, and axial forces. 

jUal ijc- IJA (3^ 18-7-1-1 
4.4^ ^ 4 4 .^ 13131 ^ djill 4.4 IJA 


944cShj > '■'j 4 . n't'I CjUdLa; R18.6.5 - 

R18.7—Columns of special moment frames 

<MbJI |ai>aJI dIjUal 0JiMiR18.7 — 


R18.7.1 Scope—This section applies to columns of special 
moment frames regardless of the magnitude of axial force. 
Before 2014, the Code permitted columns with low levels of 
axial stress to be detailed as beams. 

44.^1^) j->.4t,'l IJA (3;lab - 3^'^^R18.7.1 

‘2014 Sjill (jc jl^l 

,dj.aS iaxJall (j4 4 CjIjjIwiaII CjU 
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18.7.2 Dimensional limits 

dluiil ^jJAl8.7.2 

18.7.2.1 Columns shall satisfy (a) and (b); 

(a) The shortest cross-sectional dimension, measured on a 
straight line passing through the geometric centroid, shall be 
at least 300mm. 

(b) The ratio of the shortest cross-sectional dimension to the 
perpendicular dimension shall be at least 0.4 

(v) J (') jAaj (ji 18.7.2.1 

jju ^ ^ ^ 

.JaVI ^Jc■ mm300 u' 4 *^ 
j£VI 0.4 ijl] jxll Jaj 


18.7.3 Minimum flexural strength of columns 

jUajliU Jai 18.7.3 

18.7.3.1 Columns shall satisfy 18.7.3.2 or 18.7.3.3. 

.18.7.3.3 ji 18.7.3.2 S-s-eVl u' 18.7.3.1 


18.7.3.2The flexural strengths of the columns shall satisfy 
IMnc > (6/5)ZMnb(18.7.3.2) 

where ^Mnc is sum of nominal flexural strengths of columns 
framing into the joint, evaluated at the faces of the joint. 
Column flexural strength shall be calculated for the factored 
axial force, consistent with the direction of the lateral forces 
considered, resulting in the lowest flexural strength. ^Mnb is 
sum of nominal flexural strengths of the beams framing into 
the joint, evaluated at the faces of the joint. In T-beam 
construction, where the slab is in tension under moments at 
the face of the joint, slab reinforcement within an effective 
slab width defined in accordance with 6.3.2 shall be assumed 
to contribute to Mnb if the slab reinforcement is developed at 
the critical section for flexure. Flexural strengths shall be 
summed such that the column moments oppose the beam 
moments. Equation (18.7.3.2) shall be satisfied for beam 
moments acting in both directions in the vertical plane of the 
frame considered 

3-ajlAA (ji 18.7.3.2 

I Mnc > (6/5) XMnb (18.7.3.2) 

^ AjaaaVI ^ ^IMnc 

^ 

^ ^ Laj djlU 

^ jk, ^^nb dj2 

^ ^ ^ djA^ll jUaV AaaaaVI 

.alc ^^4^1 Oj^ ‘ 

llij aJ.l&^l ^uluull (jdjlL Q\ .J.^a/.'l 

^ ^uLaj Cij/u ^ |j| Mnb 6.3.2 >jiiU 

.ajAill (jaSU' a±acVI ,^U^bU 

^ Ja»j ajAill fjjid (18.7.3.2) ^IEua) 

, jjjhaII jUa^ ^jaaI jll ^ jauaII ^ 


COMMENTARY 


R18.7.2 Dimensional limits—The geometric constraints in 
this provision follow from previous practice (Seismology 
Committee of SEAOC 1996). 

(ja ^ aJjljll A.UA.\4.1t - JluSh .lj.^R18.7.2 

'.( SEAOC 1996J JjVjll fde 5^) ^iaUAll CajUaH 


R 18.7.3 Minimum flexural strength of columns—The intent 
of 18.7.3.2 is to reduce the likelihood of yielding in columns 
that are considered as part of the seismic-forceresisting 
system. If columns are not stronger than beams framing into 
a joint, there is increased likelihood of inelastic action. In the 
worst case of weak columns, flexural yielding can occur at 
both ends of all columns in a given story, resulting in a 
column failure mechanism that can lead to collapse. In 
18.7.3.2, the nominal strengths of the beams and columns are 
calculated at the joint faces, and those strengths are 
compared directly using Eq. (18.7.3.2). The 1995 and earlier 
Codes required design strengths to be compared at the center 
of the joint, which typically produced similar results but with 
added calculation effort. In determining the nominal 
moment strength of a beam section in negative bending (top 
in tension), longitudinal reinforcement contained within an 
effective flange width of a top slab that acts monolithically 
with the beam increases the beam strength. Erench and 
Moehle (1991), on beamcolumn subassemblies under lateral 
loading, indicates that using the effective flange widths 
defined in 6.3.2 gives reasonable estimates of beam negative 
moment strengths of interior connections at story 
displacements approaching 2 percent of story height. This 
effective width is conservative where the slab terminates in a 
weak spandrel. If 18.7.3.2 cannot be satisfied at a joint, 
18.7.3.3 requires that any positive contribution of the column 
or columns involved to the lateral strength and stiffness of 
the structure is to be ignored. Negative contributions of the 
column or columns should not be ignored. Eor example, 
ignoring the stiffness of the column ought not to be used as a 
justification for reducing the design base shear. If inclusion 
of those columns in the analytical model of the building 
results in an increase in torsional effects, the increase should 
be considered as required by the general building code. 
Eurthermore, the column must be provided with transverse 
reinforcement to increase its resistance to shear and axial 
forces. 
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18.7.3.3 If 18.7.3.2 is not satisfied at a joint, the lateral 
strength and stiffness of the columns framing into that joint 
shall be ignored when calculating strength and stiffness of 
the structure. These columns shall conform to 18.14. 

jAlaJ ^ 18.7.3.2 ^ ^ ijl 18.7.3.3 

ijC’ J<.aLdl liUj ^ CjUaVI tXacbU 

.18.14 ^ Lilall 


18.7.4 Longitudinal reinforcement 

e.ijilirtill 18.7.4 


18.7.4.1 Area of longitudinal reinforcement, Ast, shall be at 
least 0.0 lAg and shall not exceed 0.06Ag. 

JaVl (jlft lAst ‘ 6' 18.7.4.1 

.Ag.0.06 Vi i_i^Ag 0.01 

18.7.4.2 In columns with circular hoops, there shall be at 
least six longitudinal bars. 

iiiUA (ji i. Aj^I.^ 1 CjUllIl CjIJ dXa&VI ^ 18.7.4.2 

.JaVI i_^ 

18.7.4.3 Mechanical splices shall conform to 18.2.7 and 
welded splices shall conform to 18.2.8. Lap splices shall be 
permitted only within the center half of the member length, 
shall be designed as tension lap splices, and shall be enclosed 
within transverse reinforcement in accordance with 18.7.5.2 
and 18.7.5.3. 

(ji 18.2.7 (JjUaS (ji i_^ 18.7.4.3 

iais 18.2.8 ^ ^ 

Jlu ijiC’ ijjiA (ji LaI . Jj]a ^ Ja.ujVI ‘ 

J 18.7.5.2 4 ijjJayilS iaAU iliVbAdjj 

.18.7.5.3 


COMMENTARY 

> 18.7.3.2 u- (»ll u! Jai - R18.7.3 

^ iJl (ja d±a&VI ^ 

.ijljl.4 ^ d.i4&Vl 

(j\ (AiusLual) d^AfrVl (jA ljA.ul ^ J<4xll 

\-AA i ^uaa A^iala ^ d±a&VI ^iA^ fU^Vl 

uLuA fn il8.7.3.2 (|JjJ (ji ^jAxl\ JaaiS 

djill Jalij (jA^lLftll d,^j d±a&Vlj djAill Aa^udVl dj^l 

ui 1995 .(18.7.3.2) 

dJlfr (^>^1 (Ja^LaII ^JA ^ ^AA,i^l^\ Jalij Uj^ 
^ dj.AiIl Aaa^^\ ^jxll djd ^Laa^ ^ 

jp ((Jaa^I fU^Vl 

dJA^ll ^ ^JAjI^AA JSa^ JljL& AiAA 

3 ja^1 4 IMochlc (1991) j AiAAAjjill .djA^Il 

AiAAll i 

4.^lAAil) dJAil ^jiXA claljjjij —6.3.2 

Jlx&l) ^jlajxJl IIa .4.A^^j (Ih ^2 <.5^^ ^ .^jA^I 

^ 18.7.3.2 iJ ^ > 

<aaIaaa ^ 18.7.3.3 ^ ^ djLiiiudi 

V A^l^l dj^b AaIxaII d±a&VI jj 

s->^ (JIaaII ,d.iA&Vl jl ^aaIaaII «.1iLaAIaaaI1 

^_^IaaV1 dilA&Vl 

^ dJLj (jAAaII —^ d±a&VI 
LA^ .^bJl JjS (_gk jA LoS dJbjll jbj&l 

AaajIIa d.3ljjl ^ia^A ^CaIaaHj J,^^A9dl 

R 18.7.4 Longitudinal reinforcement—The lower limit of 
the area of longitudinal reinforcement is to control 
timedependent deformations and to have the yield moment 
exceed the cracking moment. The upper limit of the area 
reflects concern for reinforcement congestion, load transfer 
from floor elements to column (especially in low-rise 
construction) and the development of high shear stresses. 
Spalling of the shell concrete, which is likely to occur near 
the ends of the column in frames of typical configuration, 
makes lap splices in these locations vulnerable. If lap splices 
are to be used at all, they should be located near the 
midheight where stress reversal is likely to be limited to a 
smaller stress range than at locations near the joints. 
Transverse reinforcement is required along the lap-splice 
length because of the uncertainty in moment distributions 
along the height and the need for confinement of lap splices 
subjected to stress reversals (Sivakumar et al. 1983). 

jk ^.,^1 AikiAl ^■aLajI1R18.7.4 

(jLiuIl CjjjL^ jij ^\.&Sj1aI1 iJjlAjA^l ^ 

jA^UxIj (Jijj i AlialAll 

jajAA^) Cu^ j (^lijjVl fUJl ^ Aa^J^] 

Jaa^aII ^ ( AjIaaj^ J^^^LiaI 4^1aI} 

^ J&imi Cj^La^jj (^jUxaII CjLLj^} (JjljUa) ^ J.^^AxII «.ijljl^ 

^ iJl, AiAxJa dlA 

^^jaII ^ t ujiiL (^>UaVl 

AAjjill ^IjaI) ^ jXa^I (jdxj fjlC’ Ijja^Ia JaL^I 

QA^^I J^IJaII Jjia ^uLaaI) ujIixA. Ja^UaI} (ja 

J^IJaII Jjial! CjUajjaII ^ 

. (Sivakumar et al. 1983 ).bjbi 4 a.Vl (jaS»1 AxJaiiJi 
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18.7.5 Transverse reinforcemen 

R18.7.5 Transverse reinforcement — This section is 

eitlirtill 18.7.5 

concerned with confining the concrete and providing lateral 
support to the longitudinal reinforcement. 

jAjlj ^lA4al11|{(13.7.5 

18.7.5.1 Transverse reinforcement required in 18.7.5.2 
through 18.7.5.4 shall be provided over a length fo from 
each joint face and on both sides of any section where 
flexural yielding is likely to occur as a result of lateral 
displacements beyond the elastic range of behavior. Length 
fo shall be at least the greatest of (a) through (c): 

(a) The depth of the column at the joint face or at the section 
where flexural yielding is likely to occur 

(b) One-sixth of the clear span of the column 

(c) 450mm . 

R18.7.5.1 This section stipulates a minimum length over 
which to provide closely-spaced transverse reinforcement at 
the column ends, where flexural yielding normally occurs. 
Research results indicate that the length should be increased 
by 50 percent or more in locations, such as the base of a 
building, where axial loads and flexural demands may be 
especially high (Watson et al. 1994). 

Jjlall ^jS! 1 JaJl ^Jc■ li* OUJR18.7.5.1 

Sjl£ ‘ Ale ACblll AjjlAla 

ji Z 5 O CuiL Jjlall sJbJ 

18.7.5.2 J ujlkdl jjijj 4^18.7.5.1 

JS {o 18.7.5.4 

^IjbU (ji 

:(^) (j^\ (i) JSVI £o (JjSj (ji 

(jl ^ jl .ilfr {}) 

JJ.49l 1I Jjiall 

. mm450 fe) 

JL 4 &VI d.^ll (jLi 

.(1994 uJ^h) 
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18.7.5.2 Transverse reinforcement shall be in accordance 
with (a) through (f): 

(a) Transverse reinforcement shall comprise either single or 
overlapping spirals, circular hoops, or rectilinear hoops with 
or without crossties. 

(b) Bends of rectilinear hoops and crossties shall engage 
peripheral longitudinal reinforcing bars. 

(c) Crossties of the same or smaller bar size as the hoops 
shall be permitted, subject to the limitation of 25.7.2.2. 
Consecutive crossties shall be alternated end for end along 
the longitudinal reinforcement and around the perimeter of 
the cross section. 

(d) Where rectilinear hoops or crossties are used, they shall 
provide lateral support to longitudinal reinforcement in 
accordance with 25.7.2.2 and 25.7.2.3. 

(e) Reinforcement shall be arranged such that the spacing 
hx of longitudinal bars laterally supported by the corner of a 
crosstie or hoop leg shall not exceed 350 mm. around the 
perimeter of the column. 

(f) Where Pu > 0.3Agfc' or fc' > 70 MPa in columns with 
rectilinear hoops, every longitudinal bar or bundle of bars 
around the perimeter of the column core shall have lateral 
support provided by the corner of a hoop or by a seismic 
hook, and the value of hx shall not exceed 200 mm. Pu shall 
be the largest value in compression consistent with factored 
load combinations including E. 

:{j) (') d CSij ujSj (ji 18.7.5.2 

ji i ji CjUlSlI Lai 

(jjli ji ^ (JljlaVI ji i Aj^lJll ^IjlaVI 

^UL*.,,..11 ^U^VI (uj 

i\£’\jA ^ ijA jl ijjiij CjUSidlj 

*11 ^jUxa CjLfiSxIl .25.7.2.2 

^JaLdl ^uluull 

LoCJ (ji i_a^ .■■•.la<«'l ji i IjLi*. ...'ll ..t 

.25.1.2.3 j 25.7.2.2 -1 

^l^VI (j^ JCllUl JijL&lj V ^uluull ujjjj ^ 

Jja. mm 350 ji 

cjIj sAaaftVI ‘ fc '> 70 MPa ji Pu> 0.3Agfc ' (j) 

ulfi ^l^VI (j.a A.a^ jI U. IjL*;. .iaU ^IjiaVI 

jl (jSj ^ J^^.axll 

(j .mm 200 Cf- hx 'Loja jjLjjj Vi Ak^oiljj 

Loj d.^x..^All JLo^VI ^ (3^ iako^l A.a^ j^i P|| 


COMMENTARY 

R18.7. 5.2 Sections 18.7.5.2 and 18.7.5.3 provide 

requirements for configuration of transverse reinforcement 
for columns and joints of special moment frames. Figure 
R18.7.5.2 shows an example of transverse reinforcement 
provided by one hoop and three crossties. Crossties with a 
90-degree hook are not as effective as either crossties with 
135-degree hooks or hoops in providing confinement. For 
lower values of Pu/Agfc' and lower concrete compressive 
strengths, crossties with 90 degree hooks are adequate if the 
ends are alternated along the length and around the perimeter 
of the column. For higher values of Pu/Agfc', for which 
compression-controlled behavior is expected, and for higher 
compressive strengths, for which behavior tends to be more 
brittle, the improved confinement provided by having 
corners of hoops or seismic hooks supporting all longitudinal 
bars is important to achieving intended performance. Where 
these conditions apply, crossties with seismic hooks at both 
ends are required. The 8 in. limit on hx is also intended to 
improve performance under these critical conditions. For 
bundled bars, bends or hooks of hoops and crossties need to 
enclose the bundle, and longer extensions on hooks should 
be considered. Column axial load Pu should reflect factored 
compressive demands from both earthquake and gravity 
loads. In past editions of the Code, the requirements for 
transverse reinforcement in columns, walls, beam-column 
joints, and diagonally reinforced coupling beams referred to 
the same equations. In the 2014 edition of the Code, the 
equations and detailing requirements differ among the 
member types baseon consideration of their loadings, 
deformations, and performance requirements. Additionally, 
hx previously referred to the distance between legs of hoops 
or crossties. In the 2014 edition of the Code, hx refers to the 
distance between longitudinal bars supported by those hoops 
or crossties. 

jiAoull (jjjSj cjUlkLa 18.7.5.3 j 18.7.5.2 j»4iR18.7.5.2 

All diljUal dilj J...dl.Lallj tXacbU 

ijljj J^lj (jjia Ujijj (^1 j«Jl ^laLoll 0li«R.7.7.5.2 

^ JL^I ^ La£ 90 ‘ ^ CjULoP ^ 

AjaouIIj 135 0^ CjlfiUak ^ (Jjlpljlll 

(j^ at .>iaA *aII Ui .>iU djAj Py j Agfc ' 4 at .>iaA*Alt AjgU 

^jUl.a CjLl^Jll (lul£ IjI A^l£ ‘ fllLiA 90 dJjjAll jj‘ -Sit 

a Pu / Agfc ' 4 *J*II AualiVIlj ,aU^^J J^^.axll ^ 

(^Ij a at_gjt^ a ^ ‘tAll liljlu 

Lljj (^41 (jAao^Aoll jl^^VI (jt^ a oU^LwlA ^^1 (jj% 

^jlall (jlj.>>all ^Ay (^1 CjlfiUa^l ji (JI^^VI (j.a 

(jll lilUA alajjA^I aJA 34aaj Lu^j ,Jja.dLall ^UVI (jAaJll 

.X 8 A^l .(j^jiall jl£ ^Ijlj CjliUak ^ (jajjS CjUIoP 
A.uaL'.llj ,^L^I lajjA^I tJA iloa^ ^UVI jj- (jll tAaaji 

j 0^ JI4aVI jl dll^U^VI jl cilj^l (jl aA«.j->.a'l 

^(iililiaill ^ JjJaVI lilJjjAull (^ jJaill (ji^j iSjaiS jl^jVcrossties 

(j.a -tAlt t-'l UIaIa (jp {jJajC. Pu (JaSxj (jl (^.^^^.oxll (^j^^^aoII (Ja^I 

ih jLui i J,^l (JA A^LoJoll dlljldAdVI (^ .^jl&ll jLo^ij JjVjll (JA (JS 

dj.a£ll (jo^LLaj (jljA^lj ddo&VI (^ (^A^ajall ^jIaojIII t-.l UIaIa 

Jj£ll (j.a 2014 (^ .l^AAti diVjL<.4l (jll ijjlaS aljLoll (jljjil ijA^j 

(^ a^,4jjLaalVI JA^Uxll ^l^i (j^ t-.l UIaIaU (Jj.aAlglj dlV.lLtAgll ‘ allAI ^ 
^LoaVL at .AalAlt ^bVI I-'I iILIaj dllAjA^lj (Jj-'-^'lll i-'IjIaa 1 jb^VI 

crossties, j' JljlaVI (J^ji on ^LaiAdl I^Lai jLiihx (jll 

^jl4l (jlj.tAalt (j^ ^IaoiaII (^I lix ^ J.5^1 O^ 2014 Ajl^ 

_t-'UWa1ll jt (JIjiaVI <41^ ^j&dgll 
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Consecutive crossties engaging 
the same longitudinal bar have 
their 90-degree hooks on 



The dimension Xj from centerline to centerline of laterally 
supported longitudinal bars is not to exceed 350 mm. 

The term used in Eq. (18.7.5.3) is taken as the largest 
value of Xj. 

Fig. R18.7.5.2—Example of transverse reinforcement in 
columns. 


18.7.5.3 Spacing of transverse reinforcement shall not 
exceed the smallest of (a) through (c): 

(a) One-fourth of the minimum column dimension 

(b) Six times the diameter of the smallest longitudinal bar (c) 
so, as calculated by: 

:(2;) (') 0- Vi ^^18.7.5.3 

‘ (^) jiktidi jlaS i_il&.Jai Alu Jxj Jsi ^i^ 


.»x.eSn Jli.. R.18.7.5.2 - 

R18.7.5.3 The requirement that spacing not exceed onefourth 
of the minimum member dimension is to obtain adequate 
concrete confinement. The requirement that spacing not 
exceed six bar diameters is intended to restrain longitudinal 
reinforcement buckling after spalling. 

Vi l3jlt^R18.7.5.3 

dXo&i AxjjV iajAA ^ cill 

Jaj "''I 


The value of so from Eq. (18.7.5.3) shall not exceed 150 
mm. and need not be taken less than 100mm . 


5 =100 + 


^350-;? ^ 

_x_ 

^ ^ 


( 18 . 7 . 5 . 3 ) 


Vi .mm 150 Vi (18.7.5.3) (> so 

mm .100 (> (J^i 


The 100mm. spacing is for concrete confinement; 18.7.5.3 
permits this limit to be relaxed to a maximum of 150 mm. if 
the spacing of crossties or legs of overlapping hoops is 200 
mm. or less. 

. 1^1 ijft I, ijS-k'ij ^^•auj 18.7.5.3 ‘ jAll .mmlOO 

ji CjISLaa JCblll (jlS |j| mm 150 ^J-^ (y-^i if^\ 

.J^i ji is 200 mm jljJaVI 
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18.7.5.4 Amount of transverse reinforcement shall be in 
accordance with Table 18.7.5.4. The concrete strength factor 
kf and confinement effectiveness factor kn are calculated 
according to Eq. (18.7.5.4a) and (18.7.5.4b). 

(a) A:, =—+0.6 >1.0 (18.7.5.4a) 

^ 175 


(18.7.5.4b) 

where nl is the number of longitudinal bars or bar bundles 
around the perimeter of a column core with rectilinear hoops 
that are laterally supported by the corner of hoops or by 
seismic hooks. 

(>4!. 18.7.5.4 CSsj jlJia tji 4iHl8.7.5.4 

, ]^n ]^f J.alx.a 

(b .18.7.5.4) j(18.7.5.4a) 

(a) =^+0.6 >1.0 (18.7.5.4a) 

> 175 

(b) ^«=^ (18.7.5.4b) 

CjLASxII Ajaujl^ ji CjUlSlI AJaujI^ t^i A.4 &Aa1| AJjIsIwlaII CjUlllI ^ 


R18.7.5.4 The effect of helical (spiral) reinforcement and 
adequately configured rectilinear hoop reinforcement on 
deformation capacity of columns is well established (Sakai 
and Sheikh 1989). Expressions (a), (b), (d), and (e) in Table 

18.7.5.4 have historically been used in ACI 318 to calculate 
the required confinement reinforcement to ensure that 
spalling of shell concrete does not result in a loss of column 
axial load strength. Expressions (c) and (f) were developed 
from a review of column test data (Elwood et al. 2009) and 
are intended to result in columns capable of sustaining a drift 
ratio of 0.03 with limited strength degradation. Expressions 

(c) and (f) are triggered for axial load greater than 
0.3Agfc',which corresponds approximately to the onset of 
compression controlled behavior for symmetrically 
reinforced columns. The kn term (Paultre and Legeron 2008) 
decreases the required confinement for columns with closely 
spaced, laterally supported longitudinal reinforcement 
because such columns are more effectively confined than 
columns with more widely spaced longitudinal 
reinforcement. The kf term increases the required 
confinement for columns with fc' > 70 MPa because such 
columns can experience brittle failure if not well confined. 
Concrete strengths greater than 100 MPa should be used with 
caution given the limited test data for such columns. The 
concrete strength used to determine the confinement 
reinforcement is required to be the same as that specified in 
the construction documents. Expressions (a), (b), and (c) in 
Table 18.7.5.4 are to be satisfied in both cross-sectional 
directions of the rectangular core. Eor each direction, be is 
the core dimension perpendicular to the tie legs that 
constitute Ash, as shown in Eig. R18.7.5.2. Research results 
indicate that high strength reinforcement can be used 
effectively as confinement reinforcement. Section 20.2.2.4 
permits a value of fyt as high as 700 MPa to be used in Table 

18.7.5.4 


u!R18.7.5.4 

(Sakai and Sheikh j-i Sjja 

18.7.5.4 JjAaJl ^ (») j (j) j (kj) j (i) ijjljjjxj k:jkiiiik«li989). 

^ ^cjjj Vi k^Lui^ ACI 318 k^ 

(f) J (c) ^ ,AjLkjj^l 

yli kjj^j (Elwood et al. 2009) cjULj AxaIjji 

^ 0.03 jAiu ijiC’ Sjjli 

kjC AkJj Ajj.»-^h (f) J ((;) dlljMUfctill klAuu ^ .Sj^l k^ 

dXo&bU tkk .tkU ^ AjIaj kl^^ kA^^-t ^Agfc ' 0.3 

knl (Paultre and Legeron 2008) JlLj .lijlaljj A^+4l 

(jA A..aj&d4llj AjjI^IaII A^jiall ^jLullI diU CH 

.1*11 klilj SauCVI (Ja A^^li j^i SdoCVI SAA (jH -‘.''ly" 
dA^&bU kjkuxil ]kf Ajjj .IApLj 

kjij ^ |j| (jiA k)*^ o* o' o^ »+>ftVI si* (jV fc^ > 70 MPa 

100 ks^' A^Luj^l Jallj <A*.,il kl^^ ** 

k^jUxa ,»A.4CVI »AjAx. 4| jb^VI kjljU4 Ijlx jAxj MPa 

IAAjAxj ^ k^' k^ Oi^ ^kiuij AjAx^ ^Axjiikkftll ^Lwjj^l 

JjA^I k^ ^^) j ^k^) J ^1) kj| JAJiklll ^ll/uill l_l^ .^1441 k^lAJ k^ 

kjjij isl^l kJS k^ .A,'JiTujall sijil! kj4ajiill kjJAlxAVI 51S 18.7.5.4 

jlk La£ lALajl' kl^^ kA^^ kl^j' ^ A.alx4All k^'.^VI Ax4l ^hC 

jtlA-kunI oS.»J Aji kjll dilxjVI gAlAj jJkij R.7.7.5.2. k#® C4aj.« 

20.2.2.4 Aj4l ^AJAA ,jlxJix5U JLxi ij^4u tjill 

18.7.5.4 JjA^t k#® 4^'-^^^'!l700 MPa ks^! fyt jjlAiduiL 
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Table 18.7.5.4—Transverse reinforcement for columns of 
special moment frames 

jllaj j«Jl Jtjluilill. 18.7.5.4 — 


Transverse 

reinforcement 

Conditions 

Applicable expressions 

AsiJsbc for 
rectilinear 
hoop 

P„< 0.3.4/^'and 
fj < 70 MPa 

Greater of 
(a) and (b) 

0.09^ (b) 

Jyt 

Jyf^eh 

P„> 0.3Agfc’ or 
fi > 70 MPa 

Greatest of 
(a), (b), and 

(c) 

ps for spiral or 
circular hoop 

P„ < 0.34g^' and 
//<70 MPa 

Greater of 
(d) and (e) 

0.45| A_i]X (d) 

{a. )fy, 

0.12^ (e) 

fyt 

0.35k, (f) 

' fA» 

P„> or 

f’ > 70 MPa 

Greatest 
of(d),(e), 
and (f) 


18.7.5.5 Beyond the length fo given in 18.7.5.1, the column 
shall contain spiral or hoop reinforcement satisfying 25.7.2 
through 25.7.4 with spacing s not exceeding the lesser of six 
times the diameter of the smallest longitudinal column bars 
and 150 mm., unless a greater amount of transverse 
reinforcement is required by 18.7.4.3 or 18.7.6. 

a\ . 18.7.5.1 J to ^iUiVW 18.7.5.5 

j»je ^ 25.7.4 25.7.2 j' jj-aJi 

150 9.i9C5U jiaS Ljl>.ual <tlui jjn JsV Cjlil.ui.dl Jjlad 

^ jxh ^uluull ijM jji idUA ^ La i mm 

.18.7.6 ji 18.7.4.3 


COMMENTARY 


R18.7.5.5 This provision is intended to provide reasonable 
protection to the midheight of columns outside the length fo. 
Observations after earthquakes have shown significant 
damage to columns in this region, and the minimum hoops or 
spirals required should provide more uniform strength of the 
column along its length. 

9j.acSh t ^jijl.a CLa^ IJA ijm jidlK18.7.5.5 

dj.a&5U ilia Cjj^Jai jij {o, ^Uallj 

QjjlaJl ji (jljJaVl JaJl jijj (ji tJAJJ i Aiiaidl tJA ^ 

d.alS 
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18.7.5.6 Columns supporting reactions from discontinued 
stiff members, such as walls, shall satisfy (a) and (b)): 

(a) Transverse reinforcement required by 18.7.5.2 through 
18.7.5.4 shall be provided over the full height at all levels 
beneath the discontinuity if the factored axial compressive 
force in these columns, related to earthquake effect, exceeds 
AgfcVlO. Where design forces have been magnified to 
account for the overstrength of the vertical elements of the 
seismic-force-resisting system, the limit of Agfc'/lO shall be 
increased to Agfc'/4. 

(b) Transverse reinforcement shall extend into the 
discontinued member at least fd of the largest longitudinal 
column bar, where fd is in accordance with 18.8.5. Where 
the lower end of the column terminates on a wall, the 
required transverse reinforcement shall extend into the wall 
at least fd of the largest longitudinal column bar at the point 
of termination. Where the column terminates on a footing or 
mat, the required transverse reinforcement shall extend at 
least 300 mm. into the footing or mat. 

^ JUaVl JjJjl sXaeVl i_^ 18.7.5.6 

18.7.5.4 18.7.5.2 u- ujUxdl (i) 

/ 20. 

JUJ^ Agfc ' / 10 4 

Agfc74 

Id 

(yjSll JaJi Uijc. .18.8.5 td u' iJj-aAl 

^ 

LaAiC Aiaij AaC 

Jd.aj ‘ .'yj ' ^ 

j\ mm 300 u^l J^Vl (jlt 

18.7.5.7 If the concrete cover outside the confining 
transverse reinforcement required by 18.7.5.1, 18.7.5.5, and 
18.7.5.6 exceeds 100 mm., additional transverse 
reinforcement having cover not exceeding 100 mm. and 
spacing not exceeding 300 mm. shall be provided. 

«'l ^uLaull ^Uaxll |j! 18.7.5.7 

mm 100 (je Aii! 18.7.5.6 j 18.7.5.5 j 18.7.5.1 

100 V jadi i 

.(jSjla ujjjj 3 QQ jjLjjj V yili iiLaudlj mm 


COMMENTARY 


R18.7.5.6 Columns supporting discontinued stiff members, 
such as walls or trusses, may develop considerable inelastic 
response. Therefore, it is required that these columns have 
the specified reinforcement throughout their length. This 
covers all columns beneath the level at which the stiff 
member has been discontinued, unless the factored forces 
corresponding to earthquake effect are low. Refer to 
R18.12.7.5 for discussion of the overstrength factor Qo. 

Jla i jjldu J218.7.5.6 

(iiUil, dj^ Ajj.a jl 

^uluull 

i>Lc. CiaLld R.12.12.7.5 (^! CaiiL. JJVjll j^lil 

.overstrength £2o. 


R18.7.5.7 The unreinforced shell may spall as the column 
deforms to resist earthquake effects. Separation of portionsof 
the shell from the core caused by local spalling creates a 
falling hazard. The additional reinforcement is required to 
reduce the risk of portions of the shell falling away from the 
column. 

.^^^.4x1) Ajjdu ^ djA^l A2R13.7.5.7 

I—LUjU 31^1 i ^ ^1, JljlJh dll 

^Ij&l JajXu jla^ ^LiaVI ^uLdill lajludl jlxk (3^ -'ll 

djA^I ^ 
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18.7.6 Shear strength 

R18.7.6 

18.7.6.1 Design force 

i Jill 18.7.6.1 

R18.7.6 Shear strength 

oaill <UilMR18.7.6 

R18.7.6.1 Design forces 

»jihR18.7.6.1 

18.7.6.1.1 The design shear force Ve shall be calculated from 
considering the maximum forces that can be generated at the 
faces of the joints at each end of the column. These joint 
forces shall be calculated using the maximum probable 
flexural strengths, Mpr, at each end of the column associated 
with the range of factored axial forces, Pu, acting on the 
column. The column shears need not exceed those calculated 
from joint strengths based on Mpr of the beams framing into 
the joint. In no case shall Ve be less than the factored shear 
calculated by analysis of the structure. 

R18.7.6.1.1 The procedures of 18.6.5.1 also apply to 
columns. Above the ground floor, the moment at a joint may 
be limited by the flexural strength of the beams framing into 
the joint. Where beams frame into opposite sides of a joint, 
the combined strength is the sum of the negative moment 
strength of the beam on one side of the joint and the positive 
moment strength of the beam on the other side of the joint. 
Moment strengths are to be determined using a strength 
reduction factor of 1.0 and reinforcement with an effective 
yield stress equal to at least 1.25fy. Distribution of the 
combined moment strength of the beams to the columns 
above and below the joint should be based on analysis 

jUj&VI Ve Sjfl ‘■^*'>*^18-7.6-1-1 

*Pu *d±L<^All ^ *]V[pr 

iillj ij^ JjL&JJ ‘--A^ V. ijlC’ JaSJ 

JL^ J.Ma4A\) (jk ^jUaVl >4^ Mpr Ja^AaII A-ajI^a 

^IaaIaIi (3^1^ ajjaa^ jsli^aI) 4j^aIi ^ jdi Ve uj% 

^Uall jja. i:^i 18.6.5.1 t5^^R18.7.6.1.1 

djA^U djS Ja^AaII ^ CiJ^ 

^ AijlAla AxmajIa lA.lIfr. Ja^AaII ^ djia.,^1 

Axa^aI) djAll (Ja^AaII 

j&Vl (^1^1 djA^II A^jaII djUAiVl djfij Ja^AaII 

JaI^ SjaII JsIAj ‘■r^. (3**^^^ 

AaJKJ (ji jSSfl 1.25 Ja''vNA ^ ^.jIaaIj 1,0 

^ J.miAa!1 JaaaIj Saa^VI d jaHI iil jIaaaJI 

. jAilrkiAH 

18.8—Joints of special moment frames 

gala |9>c aljUal 18.8 - 

R18.8—Joints of special moment frames 

ihdbJI |aj>all t^ljUal v^ImR18.8 - 

18.8.1.1 This section shall apply to beam-column joints of 
special moment frames forming part of the seismic 
forceresisting system 


ilaljUab d ja£ - J^^a& Ja^IAa 18.8.1.1 

djill A-ajIAa 


18.8.2 General 

R18.8.2 General —Development of inelastic rotations at the 
faces of joints of reinforced concrete frames is associated 

(.1^1 8.8.2 

with strains in the flexural reinforcement well in excess of 
the yield strain. Consequently, joint shear force generated by 
the flexural reinforcement is calculated for a stress of 1.25fy 
in the reinforcement (refer to 18.8.2.1). A detailed 
explanation of the reasons for the possible development of 
stresses in excess of the yield strength in beam tensile 
reinforcement is provided in ACI 352R. 

CjljliaVl (> sja'j UJ'^' ■Mji - (‘1*R18.8.2 

ACIc^ Jjii. (18.8.2.1 J 1.25 0- UJ-^' 

djA 45^1 iajLuall Jaj^aI) uUaaV Ja^La ^j*a352R. 

Awkil ^laIaaj 
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18.8.2.2 Beam longitudinal reinforcement terminated in a 
column shall extend to the far face of the confined column 
core and shall be developed in tension in accordance with 
18.8.5 and in compression in accordance with 25.4.9. 

o' 18.8.2.2 

18.8.5 4 tiij jAll ^ 

.25.4.9 4 CAajLi.Jall 


18.8.2.3 Where longitudinal beam reinforcement extends 
through a beam-column joint, the column dimension parallel 
to the beam reinforcement shall be at least 20 times the 
diameter of the largest longitudinal beam bar for 
normalweight concrete or 26 times the diameter of the largest 
longitudinal bar for lightweight concrete. 

( JIaj Lajlp 18.8.2.3 

JSVI 20 ^^ Jaj 

iJA 26 ji jlaS ^ 


COMMENTARY 

R18.8.2.2 The design provisions for hooked bars are based 
mainly on research and experience for joints with standard 
90-degree hooks. Therefore, standard 90-degree hooks 
generally are preferred to standard 180-degree hooks unless 
unusual considerations dictate use of 180-degree hooks. 
Forbars in compression, the development length corresponds 
to the straight portion of a hooked or headed bar measured 
from the critical section to the onset of the bend for hooked 
bars and from the critical section to the head for headed bars. 

41uuK13.8.2.2 

90 "ij*" cjliLk^l cj|j 

CjliUftkh AUaLi (JjSa La "Ija'l ^jJ 90 CjliUak 

130 CjliUak .il iliJajS |j| V| 130 

jjaiiuLall a 'ljm! ) JjJa Jjlij 4. Forbars in compression 

(jAj djjAaiLdl u^\ ^Lia Qa 

A^ijll dAA&bU ^lakall 

R18.8.2.3 Research (Meinheit and Jirsa 1977; Briss et al. 
1978; Ehsani 1982; Durrani and Wight 1982; Leon 1989) has 
shown that straight beam bars may slip within the beam- 
column joint during a series of large moment reversals. The 
bond stresses on these straight bars may be very large. To 
reduce slip substantially during the formation of adjacent 
beam hinging, it would be necessary to have a ratio of 
column dimension to bar diameter of approximately 32, 
which would result in very large joints. On reviewing the 
available tests, the required minimum ratio of column depth 
to maximum beam longitudinal bar diameter was set at 20 
for normalweight concrete and 26 for lightweight concrete. 
Due to the lack of specific data for beam bars through 
lightweight concrete joints, the limit is based on an 
amplification factor of 1.3, which is approximately the 
reciprocal of the lightweight concrete modification factor of 
19.2.4. These limits provide reasonable control on the 
amount of potential slip of the beam bars in a beam column 
joint, considering the number of anticipated inelastic 
excursions of the building frames during a major earthquake. 
A thorough treatment of this topic is given in Zhu and Jirsa 
(1983). 

Briss et al. ^ (Meinheit and Jirsa 19774i^l jfIaiR18.8.2.3 
Leon 1989) s Durrani and Wight 1982^ Ehsani 1982^1978 

AL.4mj dj.a£jj A 

A ,1 «'l tJA ijiC' JajkJall QjSa AS .aja^I CjLuLSjijl Qa 

ajaSII Jj<. 

iajjAA jiaS (ja Auai 4UA (JjSa Qa 

Aai^Ija aI& ,IA^ A^^j ^A^ Laa ^32 

A^jaxII (JaxI ‘.'j'L/.'t ^aVI AaJi AaAaa ^ 4^1141 4l4ljljAkVI 
26j c^aLlII ^ 1 a 20 jIaS 

Jirsa j Zhu ^U-u^ ^ ‘1.3 

(1983) 

.19.2.4 AAii^ 

^ ^ AAa^j ^ djAill AJaj.4AV Jaa^aII 

Jljlj fUji ^UaII jiaV AjiIjjaI) ^jaII jUjfrVl 

.Jirsa (1983)j Zhu g^>Aa>4il ^ 
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COMMENTARY 

18.8.2.4 Depth h of the joint shall not be less than one half of 
depth h of any beam framing into the joint and generating 
joint shear as part of the seismic-force resisting system. 

R18.8.2.4 Depth h of the joint is defined in Fig. R18.8.4. The 
requirement on joint aspect ratio applies only to beams that 
are designated as part of the seismic-force resisting system. 
Joints having depth less than half the beam depth require a 

i jjS JiH h h Vi 18.8.2.4 

^ A^Uai 

Steep diagonal compression strut across the joint, which may 
be less effective in resisting joint shear. Tests to demonstrate 
performance of such joints have not been reported in the 
literature. 

iaj^l (jJaL R.8.8.4. dji4iAll h f^l8.8.2.4 

^ Jdi ^3<4C' Ja^LLaI) 

^ Jii ji^ iaULiajI 

dlft fbi CaljLii^VI ^ iiljlwMlI ^jlLa 

18.8.3 Transverse reinforcement 

18.8.3 

R18.8.3 Transverse reinforcement —The Code requires 
transverse reinforcement in a joint regardless of the 
magnitude of the calculated shear force. 

18.8.3.1 Joint transverse reinforcement shall satisfy 18.7.5.2, 
18.7.5.3, 18.7.5.4, and 18.7.5.7, except as permitted in 
18.8.3.2. 

^jlaxj ^ ^&:4‘*>^IR18.8.3 

18.7.5.3 j 18.7.5.2 o' 18.8.3.1 

18.8.3.2 J > >-» ‘ 18.7.5.7 j 18.7.5.4 j 


18.8.3.2 Where beams frame into all four sides of the joint 
and where each beam width is at least three-fourths the 
column width, the amount of reinforcement required by 
18.7.5.4 shall be permitted to be reduced by one-half, and 
the spacing required by 18.7.5.3 shall be permitted to be 
increased to 150 mm. 

within the overall depth h of the shallowest framing beam. 

R18.8.3.2 The amount of confining reinforcement may be 
reduced and the spacing may be increased if beams of 
adequate dimensions frame into all four sides of the joint. 

dull dJljj 4jS.ajj Au.4£ o^^R18. 8.3.2 

,AxjjVl ^ JbuVl Cjjj ^J^Vl 

^jUai Cil jjS ^ 18.8.3.2 

i JfiVl 

t 18.7.5.4 

4 >» h mm 150 18.7.5.3 -i 

A^UaVl 

R18.8.3.3 The required transverse reinforcement, or 
transverse beam if present, is intended to confine the beam 

18.8.3.3 Longitudinal beam reinforcement outside the 
column core shall be confined by transverse reinforcement 
passing through the column that satisfies spacing 
requirements of 18.6.4.4, and requirements of 18.6.4.2, and 
18.6.4.3, if such confinement is not provided by a beam 
framing into the joint. 

longitudinal reinforcement and improve force transfer to the 
beam-column joint. An example of transverse reinforcement 
through the column provided to confine the beam 
reinforcement passing outside the column core is shown in 
Fig. R18.6.2. Additional detailing guidance and design 
recommendations for both interior and exterior wide-beam 
connections with beam reinforcement passing outside the 

dl^ ^ulwull 18.8.3.3 

4 18.6.4.4 claL^iala jju 

5jaS JiU QM iJA ^ Ij! t 18.6.4.3 J ‘ 18.6.4.2 

, ^ 4^Uai 

column core may be found in ACI 352R. 

dji i jxll ^ •3>*^^)R18.8.3.3 

d j.aH 1 djA ( 1j 1 4 jxll 

Jlia R18.6.2 Jjjj. SjAill J.uaLa sJaII Jij 

djLal) dj.AH) JjiAxIl (jji ^uluull 

^USLJal AIa^La iJjljUjjl ^^UaV) u^*^* 

SjaHI ^ 4.Jajjxl) SjaH) ^ JH 

. ACI 352R^ ja2 
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18.8.3.4 Where beam negative moment reinforcement is 
provided by headed deformed bars that terminate in the joint, 
the column shall extend above the top of the joint a distance 
at least the depth h of the joint. Alternatively, the beam 
reinforcement shall be enclosed by additional vertical joint 
reinforcement providing equivalent confinement to the top 
face of the joint. 

^ 18.8.3.4 

Jloj ^ ChU 

^Jajj iiiUj Qji }i (jP Jij V 

^ISaaII jSjj Laa ^j2LJa\ ^^.ajIj ^4aaij AJsaaiIjj SjaSII ^4aaij 


18.8.4 Shear strength 

^^1 18.8.4 


18.8.4.1 Vn of the joint shall be in accordance with Table 
18.8.4.1. 

.18.8.4.1 Jj'iail ISij (jJ% u' JaaiLJ! Vn 18.8.4.1 


Table 18.8.4.1—Nominal joint shear strength Vn 

Vn JaaoIaU CaaaaiVI ^jLLa — 18.8.4.1 


Joint conUguration 

Vn 

For joints confined by beams on all four 
facesbl 


For joints confined by beams on three 
faces or on two opposite faces^'l 

1.2x47:^, 

For other cases 



[1] Refer to 18.8.4.2. [2] k shall be 0.75 for lightweight 
concrete and 1.0 for normalweight concrete. Aj is given in 

18.8.4.3. 

j AJlAAAjiU 0.75 uj^ d 4^. [2] 18.8.4.2 i?.lj [1] 

.18.8.4.3 Aj Jjjj. Jl*h oJj^' AjLAAijill 1.0 

18.8.4.2 In Table 18.8.4.1, a joint face is considered to be 
confined by a beam if the beam width is at least three 
quarters of the effective joint width. Extensions of beams at 
least one overall beam depth h beyond the joint face are 
considered adequate for confining that joint face. Extensions 
of beams shall satisfy 18.6.2.1(b), 18.6.3.1, 18.6.4.2, 

18.6.4.3, and 18.6.4.4. 

lit sjaSj IjjA Ai-L A Aaj juxj I 18 . 8 . 4.1 JjAaJl 18 . 8 . 4.2 

jjjxj. JU41I jArttAll (jijft jjM JsVl 5 jaaSII (jijft 

Ja^IaaII A^j AAaIaa dA^lj ^_^19 uIjaa£I1 CjIaIaIaVI 

CjIjaA^II CjIAIAIaVI 3^^ *T^. <4jlAA,Alj A.^.,^) tAA ja^^ uaajHaII 

.18.6.4.4 j 18.6.4.3 j 18.6.4.2 j 18.6.3.1 j (b) 18.6.2.1 


COMMENTARY 


R18.8.3.4 This provision refers to a knee joint in which beam 
reinforcement terminates with headed deformed bars. Such joints 
require confinement of the headed beam bars along the top face of 
the joint. This confinement can be provided by either (a) a column 
that extends above the top of the joint or (b) vertical reinforcement 
hooked around the beam top reinforcing bars and extending 
downward into the joint in addition to the column longitudinal 
reinforcement. Detailing guidance and design recommendations for 
vertical joint reinforcement may be found in ACI 352R. 

^uIaau a 3 ^lll A^jli JaaoLa ^Ji\ ^£^1 Iaa R18.8.3.4 

SjaSII ^4aj Ja^LIaII aAA c-illajj, A.^lj AA^^a^ ^IjAAafi ^ SjaaIII 

^ LaI (jai_'-x.1) IaA Aa^jII Jjla 

jiytS' jjJaj (uj ji JaaoIaaII ^ 3.^ (i) 

Ijl] ^lAAaVtj JaaoLaII Jiuii Ajjl&ll ^uIajuII 

.j A,>.•;j Atjh.AAA'. CjIjIa^jI A^^aaxAI ^4aaa11| 

.ACI 352Rc^ ‘^jIaaa fAjeJil 

R18.8.4 Shear strength — The requirements in Chapter 18 for 
proportioning joints are based on ACI 352R in that behavioral 
phenomena within the joint are interpreted in terms of a nominal 
shear strength of the joint. Because tests of joints (Meinheit and 
Jirsa 1977) and deep beams (Hirosawa 1977) indicated that shear 
strength was not as sensitive to joint (shear) reinforcement as 
implied by the expression developed by Joint ACTASCE 
Committee 326 (1962) for beams, the strength of the joint has been 
set as a function of only the compressive strength of the concrete 
and requires a minimum amount of transverse reinforcement in the 
joint (refer to 18.8.3). The effective area of joint, Aj, is illustrated in 
Fig. R18.8.4. In no case is Aj greater than the column cross 
sectional area. A circular column should be considered as having a 
square section of equivalent area. The three levels of shear strength 
required by 18.8.4.1 are based on the recommendation of ACI 
352R. Cyclic loading tests of joints with extensions of beams with 
lengths at least equal to their depths have indicated similar joint 
shear strengths to those of joints with continuous beams. These 
findings suggest that extensions of beams, when properly 
dimensioned and reinforced with longitudinal and transverse bars, 
provide effective confinement to the joint faces, thus delaying joint 
strength deterioration at large deformations (Meinheit and Jirsa 
1981). 

^jIAaI ^ dA,5^,^AAl) CjUlialAAlj Aaa^ - ^j14a]^1§,3,4 

i JaaoLaII J&b A^^jIaaaII ACI 352R jA.dLi.All 

jAdliAAll .Ja^IaaU AUaAAAjVI (JA IdJJAAAflj 

(Hirosawa 1977) S^Aill j(Meinheit and Jirsa 1977) 

Iaa£ ^ “'t ‘ ^ cjjL4ii 

^jL^uajVI ^ t-vhl ^jImaaII M^ill AjAA^aj ^ill ^ 

A ASCEu^^V^ A^IaaaII A^UITuajVI At htj AtjtjtMtl L£j^V 

JaxA^all ajil JaiS ^ Aaj.A£ll (1962) 326 

^Ij) J'aaSa'I ^ ,_,AJajxll "'h ^ uUajjj ^Lujill 

J R.8.8.4. jsill j AAjJ'^ii.^l 4JUill AiJal-All ^ .(18.8.3 

jbjCl i_i^ .^laiall jjJa jxll ^Jatall J^^aaxII ^ jA Jlj^VI (^a JI.& j\ 
3 4i<a\i ^LuaaaII ^ j^^aaxII 

aLja^jj AHaajj 18.8.4.1 ^^^UsaaI) ^jdilj ^jIAaI CjbjlAAMlI 

iIiIJjXaj ^ Cj^sLdjll ^jjAII Jjaas^II bitjLaa^l dijLuiACI 352R. 

(jdi (jl! 4.^.^1 .a&V ^jLuiaa JaVl (jJft JljlaVl i£ilj a j.a£11 

_3jaa14ala11 Sjaa^II CjIj jA.dLi.All ^ dllal jAdLiAll ^ A^U^Iaa 

L^jijj AAAj L^ijAd^ ^ Laa^I^ i a^)AA£ll jaaj ^1 ^1 ^Ulll aaA ja4u 
a^jIuaaaII aj^jU LlLai IjAd^ jSjj A<LjAdjCj Db^aA 

(Meinheit aja^l aIc ^j1u.a1i ajill jjAJj j^y 

.and Jirsa 1981). 
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18.8.4.3 Effective cross-sectional area within a joint, Aj, 
shall be calculated from joint depth times effective joint 
width. Joint depth shall be the overall depth of the column, h. 
Effective joint width shall be the overall width of the 
column, except where a beam frames into a wider column, 
effective joint width shall not exceed the lesser of (a) and (b); 

(a) Beam width plus joint depth 

(b) Twice the smaller perpendicular distance from 
longitudinal axis of beam to column side 

‘18.8.4.3 

(jijjill jA Jlxill (jijft o' h 

Vi 1 O^J^ dllj dlils |j| Vj ‘ 

j (i) oft JUill jjia jjill 

o^ Jf" (') 

^ ‘ 


COMMENTARY 


Effective joint 
area, A; 

Joint depth = h 
in plane of 
reinforcement 
generating shear 


Reinforcement 
generating shear 




- Effective 
joint wridth = b + fi 
S6 + 2x 


A 


/ 


' / 


_^ 


xA 




- Direction of 
forces generating 
shear 



Note: 

Effective area of joint for 
forces in each direction 
of framing is to be 
considered separately 
Joint illustrated does not 
meet conditions of 
18.8.3,2 and 18.8.4.1 
necessary to be 
considered confined 
because the beams do 
not cover at least Y* of 
the width of each of the 
faces ofthejoinf 


Fig. R18.8.4—Effective joint area. 

.^1*2 isJUL a A^iala, R.8.8.4 - 
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18.8.5 Development length of bars in tension 

^ eLitfi!l JiJa 18.8.5 

18.8.5.1 For bar sizes No. 10 through No. 36 terminating in a 
standard hook, Idh shall be calculated by Eq. (18.8.5.1), but 
Idh shall be at least the greater of 8db and 150 mm. for 
normal weight concrete and at least the greater of lOdb and 
190 mm. for lightweight concrete. 

f,/*=.W(65k^) (18.8.5.1) 

The value of X shall be 0.75 for lightweight and 1.0 for 
normal weight concrete. The hook shall be located within the 
confined core of a column or of a boundary element, with the 
hook bent into the joint. 

36 j»aj (^1 10 18.8.5.1 

U^J ^ (18.8.5.1) Idh ^ ^ 

ojjll cjlj JjLuijill.mm 150j 8db (> tdh ai% 6' 

.(jjjll Jjjii JjLjjiU .190 imn j lOdb 

(18.8.5.1) 

tjjjil Cj!j 1,0 j uLftaJl h= 0.75 UJ^ U* 


COMMENTARY 


R18.8.5 Development length of bars in tension 

^1 4AMR18.8.5 

R18.8.5.1 Minimum embedment length in tension for 
deformed bars with standard hooks is determined using Eq. 

(18.8.5.1) , which is based on the requirements of 25.4.3. The 
embedment length of a bar with a standard hook is the 
distance, parallel to the bar, from the critical section (where 
the bar is to be developed) to a tangent drawn to the outside 
edge of the hook. The tangent is to be drawn perpendicular 
to the axis of the bar (refer to Table 25.3.1). Because Chapter 
18 stipulates that the hook is to be embedded in confined 
concrete, the coefficients 0.7 (for concrete cover) and 0.8 
(for ties) have been incorporated in the constant used in Eq. 

(18.8.5.1) . The development length that would be derived 
directly from 25.4.3 is increased to reflect the effect of load 
reversals. Factors such as the actual stress in the 
reinforcement being more than the yield strength and the 
effective development length not necessarily starting at the 
face of the joint were implicitly considered in the 
formulation of the expression for basic development length 
that has been used as the basis for Eq. (18.8.5.1). The 
requirement for the hook to project into the joint is to 
improve development of a diagonal compression strut across 
the joint. The requirement applies to beam and column bars 
terminated at a joint with a standard hook. 

^ j4ibu lull ^ I—i.uj.ir'.'i Jjla ijii^ ^R18.8.5.1 

i-il i'll*.' <**.„< ^illj ‘(18.8.5.1) .1 ‘1*..il^i CjliUa^ 

^ji^ ‘^LuaIi ja t fliUi .25.4.3 

^1 (lujA^I ^ 4^^) ^j^l ^u^l ^ ‘lajjull 

iajjull ^Laull ^ _t fllUlU ‘U^jlAll ^lill 

ualliill QjAuaj ylft (jiuj 18 .(25.3.1 j) 

(^Lujill ^Uakll) 0.7 Cj5l«Uull ^1 ^ 112 ^Lujill ^ 

aJljJ ^ .(18.8.5.1) .Jjl*-dl ^ ilul^l ^ (ililslst&ll) 0.8j 

CjLuISjijI juIj (jjSxA 25.4.3 ^lll CuuSlI JljIs 

ija j^i ^ululll ^ ll^VI ikaljC 

lAl^l ^ ‘d^^Lftll 4.^1^ ^ djjjualb llu V ^lll Jlxlll 
^LulS ‘Lall^lul ^ ^lll ^^LuVI Cuj^l Jjlal jjanlll ^ lloua 

(.18.8.5.1.) " ' 

‘"'y"''''' uy (IIjIuaII £^jjua 1| ^ laj^L lajull 

SjaSII lajlju lajull 111 ^jlalll lalxualVI 

LiUa^ ^ AA^j lie Jj.axllj 
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18.8.5.2 For headed deformed bars satisfying 20.2.1.6, 
development in tension shall be in accordance with 25.4.4, 
except clear spacing between bars shall be permitted to be at 
least 3db or greater. 

‘ 20.2.1.6 u-ij 18.8.5.2 

1.^ La 4 25.4.4 4 ^ jLoaomII 

.j^i ji 3db J 2 VI ijc- uj^ o' a“ 


18.8.5.3 For bar sizes No. 10 through No. 36, fd, the 
development length in tension for a straight bar, shall be at 
least the greater of (a) and (b); 

(a) 2.5 times the length in accordance with 18.8.5.1 if the 
depth of the concrete cast in one lift beneath the bar does not 
exceed 300 mm. 

(b) 3.25 times the length in accordance with 18.8.5.1 if the 
depth of the concrete cast in one lift beneath the bar exceeds 
300 mm. 


u' ‘td ‘ 36 10 u- ©l-VI 18.8.5.3 

(h)tj (tl) ■fcjftTuaj.g jLoAaaAlj Jjla 

^ ^LS ijj 18.8.5.1 4 CiSj Jjlill ijM 2.5 (') 

.mm 300 V jSj 

4jLaijill ijmc. |jj 18.8.5.1 4 liij JjJall ijM ijA 3.25 (“) 

.mm 300 jSj ^ 


18.8.5.4 Straight bars terminated at a joint shall pass through 
the confined core of a column or a boundary element. Any 
portion of fd not within the confined core shall be increased 
by a factor of 1.6. 

^ at Aja*,... a\I j.aj ‘.'yj 18.8.5.4 

Id *T^. jl .l^^.axll 

,1,5 jl.1^ > 


18.8.5.5 If epoxy-coated reinforcement is used, the 
development lengths in 18.8.5.1, 18.8.5.3, and 18.8.5.4 shall 
be multiplied by applicable factors in 25.4.2.4 or 25.4.3.2 

ujoia i_i^ I ‘ a'« --'t .1 <-vt..it ^ 18.8.5.5 

cLiUU-dl 18.8.5.4 j 18.8.5.3 j 18.8.5.1 J Jljlai 

25.4.3.2 ji 25.4.2.4 J 


COMMENTARY 

R18.8.5.2 The 3db spacing limit is based on studies of joints 
confined by transverse reinforcement consistent with special 
moment frame requirements in this chapter (Kang et al. 
2009). To avoid congestion, it may be desirable to stagger 
the heads. 


jjjidi i:jSL.ajll iliLuljj (1|}3 J&ijJ •4i4aijR18.8.5.2 

IJA ^ jUal cjUtlala ^ otluila ^uLaillb 

tjjSj ja uI^(Kang et al. 2009). 


R18.8.5.3 Minimum development length in tension for 
straight bars is a multiple of the length indicated by 18.8.5.1. 
Section 18.8.5.3(b) refers to top bars. Lack of reference to 
No. 43 and No. 57 bars in 18.8.5 is due to the paucity of 
information on anchorage of such bars subjected to load 
reversals simulating earthquake effects. 

A.ajVuai.a') ^ g-.u.m!) Jjlal AiijR13.8.5.3 

jiAi (u) 18.8.5.3 18.8.5.1 -441 aJI jLLdl JjJall iJc.1^ 

57, 43 u^4aAll u\\ j»Jft JAJJ, Cjkll Aia^iVI 

CjLujI^xjV A_i.^jxa 1) (JjLa^^liLAl) 18.8.5 

.JlJljh dllj^b ^^1 J.a^l 


R18.8.5.4 If the required straight embedment length of a 
reinforcing bar extends beyond the confined volume of 
concrete (as defined in 18.6.4, 18.7.5, or 18.8.3), the required 
development length is increased on the premise that the 
limiting bond stress outside the confined region is less than 
that inside 

f dm = 1.6(fd - fdc) + fdc 
or 

fdm= 1.6fd-0.6€dc 

where fdm is the required development length if bar is not 
entirely embedded in confined concrete; fd is the required 
development length in tension for straight bar as defined in 
18.8.5.3; and fdc is the length of bar embedded in confined 
concrete. 


Jl.aj ^^Lji^l ‘,'jIL>aU *ja',..iAll ^jl..i*.l> |j! R18.8.5.4 

18.7.5 ji ‘ 18.6.4 J* LooS) ^LuijaJl tja Jxji jA L« (^1 

hjiuia (ji (jjiLjii jjJft AbJj i-ijlhall du-Lu.'! JjJa ^jli i (18.8.3 ji ‘ 
(3^1.41 ^ Jfii AaIaIaII JjAa^l lajjll 

t dm = 1.6 (-d - tdc) + tdc 
j' 


t dm = 1.6td - 0.6tdc 

^ Juja4l ^ ul ‘,'jILiaIi t-.j m'.u Jjia Cdm bi^ 

^ ‘,'jIL>aU jAisd .all AjL4aj^)kll 

^ Jajj4Jl Jjia jA {dc J il8.8.5.3 AAa.« J* juHuall 

'al' AjLuJjkil 
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COMMENTARY 

18.9—Special moment frames constructed using 
precast concrete 

itttiiK U^Uyj QljUai 18.9 - 

R18.9—Special moment frames constructed using 
precast concrete 

iiitiiK iyU^I ki;iljUajR18.9 - 

wwdll 

18.9.1 Scope 

Jb-4118.9.1 

wwdll 

The detailing provisions in 18.9.2.1 and 18.9.2.2 are intended to 
produce frames that respond to design displacements essentially 
like monolithic special moment frames. Precast frame systems 

18.9.1.1 This section shall apply to special moment frames 
constructed using precast concrete forming part of the 
seismic-force-resisting system. 

composed of concrete elements with ductile connections are 
expected to experience flexural yielding in connection regions. 
Reinforcement in ductile connections can be made continuous by 
using Type 2 mechanical splices or any other technique that 

^ CjljUaj 18.9.1.1 

provides development in tension or compression of at least the 
specified tensile strength of bars (Yoshioka and Sekine 1991; 
Kurose et al. 1991; Restrepo et al. 1995a,b). Requirements for 
mechanical splices are in addition to those in 18.2.7 and are 
intended to avoid strain concentrations over a short length of 
reinforcement adjacent to a splice device. Additional requirements 
for shear strength are provided in 18.9.2.1 to prevent sliding on 
connection faces. Precast frames composed of elements with ductile 
connections may he designed to promote yielding at locations not 
adjacent to the joints.Therefore, design shear Ve, as calculated 
according to 18.6.5.1 or 18.7.6.1, may not he conservative. Precast 
concrete frame systems composed of elements joined using strong 
connections are intended to experience flexural yielding outside the 
connections. Strong connections include the length of the 
mechanical splice hardware as shown in Fig. R18.9.2.2. Capacity- 
design techniques are used in 18.9.2.2(c) to ensure the strong 
connection remains elastic following formation of plastic hinges. 
Additional column requirements are provided to avoid hinging and 
strength deterioration of column-to column connections. Strain 
concentrations have been observed to cause brittle fracture of 
reinforcing bars at the face of mechanical splices in laboratory tests 
of precast beam-column connections (Palmieri et al. 1996). 
Locations of strong connections should be selected carefully or 
other measures should be taken, such as debonding of reinforcing 
bars in highly stressed regions, to avoid strain concentrations that 
can result in premature fracture of reinforcement. 

18.9.2.2 J 18.9.2.1 

(ji 

Awlll ^ 2 

(Yoshioka SjA'NaII JsSfl JaLJall ji 

Restrepo et al. ■ Kurose et al. 1991^and Sekine 1991 
iilld CjUliald^, u ^ 1995a 

LLial) 18.2.7 

djil Actual ^ 

CiljUaj (jlaj fjc. (jV>Vl ^a1 18.9.2.1 

Aijli AjjLa AljA.ii.4 

A-Jaji o! i 18.7.6.1 ji 18.6.5.1 ^ ‘Ve 

jA^Ufr A^Ia.uj^1 jiaVl 

(jAJaal 

^ jk LaS iajjll 

OUJal (c) 18.9.2.2 ^R.9.9.2.2. 

^ , AjjaII J^^AAU JAJ IjjA 

.JjAsJ) UiIa^J A^Ldl 

AJ^Lui 

uiA^l Ai^AAA djA^il JjAxI) AaLoxaII Aa£^1£^1 

Aj^j jbixi ^ tji t-iaj (1996 .uJj^'jPalmieri) 

^jIsUaII ^ ^ulwai) (jUJad ^0! 

^uluui) ,jaa£ AJ^Lui 4.1^) 

j^jaII 
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COMMENTARY 


18.9.2 General 


18.9.2 


R18.9.2 General 


^l«R18.9.2 


18.9.2.1 Special moment frames with ductile connections 
constructed using precast concrete shall satisfy (a) through 

(c); 

(a) Requirements of 18.6 through 18.8 for special moment 
frames constructed with cast-in-place concrete 

(b) Vn for connections calculated according to 22.9 shall be 
at least 2Ve, where Ve is in accordance with 18.6.5.1 or 

18.7.6.1 

(c) Mechanical splices of beam reinforcement shall be 
located not closer than h/2 from the joint face and shall 
satisfy 18.2.7 

^ dilj dlljUal 18.9.2.1 

'(^) ‘ l.y'.. ..1^. Ia^LwuI 

^ <Lu^l ^jjidl dlljUaV 18.8 18.6 diUUalall 

^^^1 ^ AjLuij^I 

iiu;\ ‘ 2Ve J^VI 22.9 uj% 4 *^ ^jaii-^.»II di^LdjU Vn ( 4 ^) 

18.7.6.1 ji 18.6.5.1 -1 Caaj Ve 

ujfil duii.j.\ Ajl2|j dil^^A^ll di^tjA^j^l ijjS^ (jl ui^(c) 

.18.2.7 o' 4 *^ Ji^aiall h / 2 (>> 


18.9.2.2 Special moment frames with strong connections 
constructed using precast concrete shall satisfy (a) through 
(e): 

(a) Requirements of 18.6 through 18.8 for special moment 
frames constructed with cast-in-place concrete 

(b) Provision 18.6.2.1(a) shall apply to segments between 
locations where flexural yielding is intended to occur due to 
design displacements 

(c) Design strength of the strong connection, cf) Sn, shall be at 
least Se 

(d) Primary longitudinal reinforcement shall be made 
continuous across connections and shall be developed 
outside both the strong connection and the plastic hinge 
region 

(e) For column-to-column connections, c() Sn shall be at least 
1.4Se, c()Mn shall be at least 0.4Mpr for the column within 
the story height, and c()Vn shall be at least Ve in accordance 
with 18.7.6.1 

Adl^l AjjHI Cj^La^jjII dj|J ^ .aaKU ^jjaII djIjUal ^J^18.9.2.2 

(ij i-iaoII ^ " ■' ^Laij^I "h' 

A.jij.»'l <AAal.-^.'l ^jjidl dlljUal ^ 18.8 18.6 diLllalall 

^^^1 ^ Aj^^ja^aII AjIaajj^Ij 
^. j .^AAatj ^^1 ^l^^l ^ diLcUaill 18.6.2.1 ^^^1 (J.ifa'j (u) 

a1jaja.>a';U diL^ljVI pU^VI 

cl^VI uJ^ u'^(|)Sn i^j^l aIa^^ aIjaja.aa'.u 

Se 

^ ^Ij di^sLd^l Ji.dljla jll ^jlall g.^iLiil'1 (jl (Jj 

,^.lUl .-M.AAaAll ^J^l AIa^^I (j.a JS 

JSVI (|)Sn u' iJjAiC ^1 ^ di^Ld^ ituAi'.llj (Jlj 

g^Ujjl Jilj jjAall 0.4Mpr (JsSlI ijc- (|)Mn uJ^ o' ‘ 1.4Se 
.18.7.6.1 4 tSaj JaVI Js- (|)Vn uJ% o' ‘ cSi^al' 





't: 


Strong connection 
Critical section 

Plastic hinge region 


"7 




4 

-Connection length 


r- 


-4- 

(b) B&am-to-cofumn connecDon 


Strong connection 
Critical section 

Plastic hinge region 



h -I 

''—Connection length 


(c) B&am^to^column connection 



Fig. R18.9.2.2—Strong connection examples. 

.^ja JUajjI ^i. R18.9.2.2 - Ji4Jl 
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18.9.2.3 Special moment frames constructed using precast 
concrete and not satisfying 18.9.2.1 or 18.9.2.2 shall satisfy 
(a) through (c): 

(a) ACI 374.1 (b) Details and materials used in the test 
specimens shall be representative of those used in the 
structure (c) The design procedure used to proportion the test 
specimens shall define the mechanism by which the frame 
resists gravity and earthquake effects, and shall establish 
acceptance values for sustaining that mechanism. Portions of 
the mechanism that deviate from Code requirements shall be 
contained in the test specimens and shall be tested to 
determine upper bounds for acceptance values. 

UjLuuj ^ diljUai 18.9.2.3 

18.9.2.2 ji 18.9.2.1 V i-ikall SjLuijiJl 

:te) ' (i)' 0^ 

ACI 374.1( i) 

LulIaII ^ 

(s;) 

^ pL4ij| jtlaVl 

■ -il al.i*.' (JM lillj ijiS’ laliafl 

UlxJl &jUj^Vl CjU^ ^ 


18.10—Special structural walls 

<MbII gdiil t^ljJAlS.lO - 

18.10.1 Scope 

JMl 18.10.1 


18.10.1.1 This section shall apply to special structural walls 
and all components of special structural walls including 
coupling beams and wall piers forming part of the seismic- 
force-resisting system 

li* t3JaL 18.10.1.1 

ililjAill iiilj ^ Lu CiUjLa 


COMMENTARY 

R18.9.2.3 Precast frame systems not satisfying the 
prescriptive requirements of Chapter 18 have been 
demonstrated in experimental studies to provide satisfactory 
seismic performance characteristics (Stone et al. 1995; 
Nakaki et al. 1995). ACI 374.1 defines a protocol for 
establishing a design procedure, validated by analysis and 
laboratory tests, for such frames. The design procedure 
should identify the load path or mechanism by which the 
frame resists gravity and earthquake effects. The tests should 
be configured to investigate critical behaviors, and the 
measured quantities should establish upper-bound 
acceptance values for components of the load path, which 
may be in terms of limiting stresses, forces, strains, or other 
quantities. The design procedure used for the structure 
should not deviate from that used to design the test 
specimens, and acceptance values should not exceed values 
that were demonstrated by the tests to be acceptable. 
Materials and components used in the structure should be 
similar to those used in the tests. Deviations may be 
acceptable if the licensed design professional can 
demonstrate that those deviations do not adversely affect the 
behavior of the framing system. ACI 550.3 defines design 
requirements for one type of special precast concrete 
moment frame for use in accordance with 18.9.2.3. 

V ^Lui jlaVl Cjbjl ^ Skj R18.9.2.3 

pbi ^ 18 CjUiialAlj 

Nakaki et al. 1995). ^ (Stone et al. 1995^^ 

IjA OjSjjjjjACI 374.1 

.CjljUaVI al) CjljLukVIj 

.JJVjllj jdaVl ji jLum 

jluM t ^ CjLloSII 

Vi CjLuih ji ji ji lajk4ah jjA 

* ^-vl. ....It ^ 

CjI jUjkVI ^ i jblkVI 

iilbl ^ (ji 

cl!■»'..it |j| XljjAa .tliljblkVI ^ 

luLjj V (ji 

jUal ijA I'ri'i'l cjluUala ACI 550.3 

.18.9.2.3 ^jidi ^Uajilt 

R18.10—Special structural walls 

lydU jaiJI t^ljAftRlS.lO - 

R18.10.1 Scope—This section contains requirements for the 
dimensions and details of special structural walls and all 
components including coupling beams and wall piers. Wall 
piers are defined in Chapter 2. Design provisions for vertical 
wall segments depend on the aspect ratio of the wall segment 
in the plane of the wall (hw/fw), and the aspect ratio of the 
horizontal cross section (fw/bw), and generally follow the 
descriptions in Table R18.10.1. The limiting aspect ratios for 
wall piers are based on engineering judgment. It is intended 
that flexural yielding of the vertical reinforcement in the pier 
should limit shear demand on the pier. 
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18.10.1.2 Special structural walls constructed using precast 
concrete shall be in accordance with 18.11 in addition to 
18.10. 

u'j'^ UJ^ u' 18.10.1.2 
.18.10 iJ\ 3iL2aV^ 18.11 > U1 llaj jilt 


COMMENTARY 

J^Ujj jIxjV CjluUala - (J^‘^^R18.10.1 

, d^).a£ iillj ^ LoJ ^\Ayj ^ 

<UidlAll Xuaj ,2 Ai^ji uLjaj ^ 

^ ^jlajxll AaauI Cjl&Uaij 

£^lijjVl (jll i (hw / tw) ijjJM 

R18.10.1. LiLuajVI ‘ (tw / bw) <^VI 

'I ijiC’ uiuull 

IjiC’ i_ilia ija .A^l uludjll ^ Jjall jijj 

.t Lwajll 


18.10.2 Reinforcement 


e.»l»iill 18.10.2 


18.10.2.1 The distributed web reinforcement ratios, pf and 
pt, for structural walls shall be at least 0.0025, except that if 
Vu does not exceed Acv^ ' fc, pf and pt shall be permitted to 
be reduced to the values in 11.6. Reinforcement spacing each 
way in structural walls shall not exceed 18 in. Reinforcement 
contributing to Vn shall be continuous and shall be 
distributed across the shear plane 

p( i ^uluull i_iuu (ji 18.10.2.1 

jjUli jU |j| 4ji (aLSiulb i 0.0025 (jlft i(j.aSh u'j-^ ‘ pt‘ J 

Vi 4 *^. 11.6 jiAuu pt j p{ iVu AcvX ' fc 

^.iLjuII (ji .‘b.dJJ 18 J-^ JCbjll 

^jlwM bb^ljla Vn ^LwiaI) 


18.10.2.2 At least two curtains of reinforcement shall be used 
in a wall if Vu > 2AcvA.' fc or hw/fw > 2.0, in which hw and 
fw refer to height and length of entire wall, respectively. 

bits lit JSVI juLjuII ^ i_^ 18.10.2.2 

J^\ fw j hw ‘ hw / fw > 2.0 ji Vu> lAcyX ' fc 

(jlft I 'U.aSlj Jjlaj £^LSj jl 


Table R18.10.1—Governing design provisions for vertical 
wall segments[l] 

jIj^I X AK'l R.lO.lO.l - 

(1) ^ijll 


Clear heiofct of vertical wall 
segmentlenotli of vertical 
wall segmeot, (A jf.) 

Length of vertical wall segment/wall thickness (IJh,) 

{lJK)<li 

2.5<(fA)<6.0 

(W>6.0 

kX<2!l 

Wafl 

Wall 

Wl 

A;f.>2.0 

ftiall pier required to satis^’ 
specified colunui design 
rquirements: refer to 
18.10.8.1 

W'all pier required to satisfv' 
specified columi design 
requirements or alternative 
requirements; refer to 
18.10.8.1 

Wafi 


[l]hw is the clear height, fw is the horizontal length, and bw 
is the width of the web of the wall segment. 

J* bw J ‘ <j^Vl JjJall jA fw J ‘ jA hw [1] 


R18.10.2 Reinforcement —Minimum reinforcement 

requirements in 18.10.2.1 follow from preceding Codes. The 
requirement for distributed shear reinforcement is related to 
the intent to control the width of inclined cracks. The 
requirement for two layers of reinforcement in walls 
resisting substantial design shears in 18.10.2.2 is based on 
the observation that, under ordinary construction conditions, 
the probability of maintaining a single layer of reinforcement 
near the middle of the wall section is quite low. Furthermore, 
presence of reinforcement close to the surface tends to 
inhibit fragmentation of the concrete in the event of severe 
cracking during an earthquake. The requirement for two 
layers of vertical reinforcement in more slender walls is to 
improve lateral stability of the compression zone under 
cyclic loads following yielding of vertical reinforcement in 
tension. 

Jjill 18.10.2.1 (J bibllala 2 ^ - juLiill R18.10.2 

^ Ajjij cjbllala 

^ Qa 

uijjia Jia 18.10.2.2 cjb/at.a 

ijA ujilb ijA AlJa ijiC’ JaLlaJl JLu^l 

if^ ^1x 11 ^^aLa ‘ 

Jlx ^ <bLaijxll ^1a ijl] ,i'l AjjjS 

^ (jA ^jjjijlaj lajalll pbj| 

bixj laULaajVI Ailalal CjL^I ^ j^Vl 

j ijlC: Jjart-kl) Jaj JLaxVl 
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18.10.2.3 Reinforcement in structural walls shall be 
developed or spliced for fy in tension in accordance with 
25.4, 25.5, and (a) through (c); 

(a) Longitudinal reinforcement shall extend beyond the 
point at which it is no longer required to resist flexure by 
least O.Sfw, except at the top of a wall 

(b) At locations where yielding of longitudinal reinforcement 
is likely to occur as a result of lateral displacements, 
development lengths of longitudinal reinforcement shall be 
1.25 times the values calculated for fy in tension 

(c) Mechanical splices of reinforcement shall conform to 

18.2.7 and welded splices of reinforcement shall conform to 

18.2.8 

fy ^ ji U'j'i?' ^ 18.10.2.3 

: (c) (a) j 25.5 j 25.4 J 

fUjlbuL iJiVl 0.8Cw Ajmuj 

^ 

1.25 Cx^ 

^ fy J L.d1jLiiai 

(ji 18.2.7 ^ ^Uajj (^\ <-^4^ (s) 

.18.2.8 ^ ^ 


18.10.3 Design forces—Vu shall be obtained from the lateral 
load analysis in accordance with the factored load 
combinations 

Jjlaj (jj> Vu - AjAiAtifijll 18.10.3 

J.a^l liSj 'I 


COMMENTARY 

R18. 10.2.3 Requirements are based on provisions in Chapter 
25. Because actual forces in longitudinal reinforcement of 
structural walls may exceed calculated forces, reinforcement 
should be developed or spliced to reach the yield strength of 
the bar in tension. At locations where yielding of 
longitudinal reinforcement is expected, a 1.25 multiplier is 
applied to account for the likelihood that the actual yield 
strength exceeds the specified yield strength of the bar, as 
well as the influence of strain hardening and cyclic load 
reversals. Where transverse reinforcement is used, 
development lengths for straight and hooked bars may be 
reduced as permitted in 25.4.2 and 25.4.3, respectively, 
because closely spaced transverse reinforcement improves 
the performance of splices and hooks subjected to repeated 
inelastic demands (ACI408.2R). 

uV .25 (J a2-*2jR18.10.2.3 

Sk ^ 

Auiil ^ u^\ ‘-'j;" 

Licbiu 1.25 ^ 

4.9jli.. iji JLol^l uLu^ 

JIx1j 5U dajjAlIl 

<Lua1u9a 1| Jljlai 

(jV iyJijill (jJft ‘25.4.3 J 25.4.2 ^ j* Lu AjjAaIIj 

Aj^yLeiS CjliUa^lj ^bl ujUldl ^ufuull 

. (ACI 408.2R) u>*i' jX 

R18.10.3 Design forces—Design shears for structural walls 
are obtained from lateral load analysis with the appropriate 
load factors. However, the possibility of yielding in 
components of such structures should be considered, as in 
the portion of a wall between two window openings, in 
which case the actual shear may be in excess of the shear 
indicated by lateral load analysis based on factored design 
forces. 

(jl^ - -tjaj/a'il) (^j2R18.10.3 
tiiUj ^J. 4.9A9jtldl ^ 4>9 ^uLLiVl 

^ JL^I jk LiS iklk CjUj£.a ^ ^ jl^l 

42 tsJSUU QuaJiS ^ ^ 

*j ‘bll jLLoll Qa 
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18.10.4 Shear strength 

^^1 iUilM 18.10.4 

18.10.4.1 Vn of structural walls shall not exceed: 

+ (18.10.4.1) 

where the coefficient ac is 3.0 for hw/£w < 1.5, is 2.0 for 
hw/fw > 2.0, and varies linearly between 3.0 and 2.0 for 
hw/fw between 1.5 and 2.0. 

: 0^1 o'j-^ Vn 18.10.4.1 

+ (18.10.4.1) 

jA ‘ hw / <w < 1.5 -1 3.0 j* ac tP''" uj^ 

1.5 (jJJ hw / tw -1 2.0 j 3.0 uH ‘ hw/fw > 2.0 -1 2.0 

.2.0 j 


COMMENTARY 

R18.10.4 Shear strength— Equation (18.10.4.1) recognizes 
the higher shear strength of walls with high shear tomoment 
ratios (Hirosawa 1977; Joint ACI-ASCE Committee 326 
1962; Barda et al. 1977). The nominal shear strength is given 
in terms of the net area of the section resisting shear. Eor a 
rectangular section without openings, the term Acv refers to 
the gross area of the cross section rather than to the product 
of the width and the effective depth. The definition of Acv in 
Eq. (18.10.4.1) facilitates design calculations for walls with 
uniformly distributed reinforcement and walls with openings. 
A vertical wall segment refers to a part of a wall bounded 
horizontally by openings or by an opening and an edge. Eor 
an isolated wall or a vertical wall segment, pt refers to 
horizontal reinforcement and pf refers to vertical 
reinforcement. The ratio hw/fw may refer to overall 
dimensions of a wall, or of a segment of the wall bounded by 
two openings, or an opening and an edge. The intent of 
18.10.4.2 is to make certain that any segment of a wall is not 
assigned a unit strength greater than that for the entire wall. 
However, a wall segment with a ratio of hw/fw higher than 
that of the entire wall should be proportioned for the unit 
strength associated with the ratio hw/fw based on the 
dimensions for that segment. 


^Sn 0^1 ijii (18.10.4.1) »jaR18.10.4 

i (Hirosawa 1977 uiuull dilj 

^ Barda et al 1977). i ACI-ASCE 326 1962 

(jA AaawjVI 

A^LuiaI) Acv UJA 

Acv Qa VAj A^La^Vl 

^.j.Lji. 1'1 ^ (18.10.4.1) .jAh>-dl ^ 

j)A^ 1 .CjLxlllI ^ ^IjA^lj Ax^ (3^^ 

Jjjxxll jIa^ A.ujLilL AxjL ji jlAx ^ ^ 


ijl] jjAj i^Aj.>x1| jIA^I ^UaS ji 

QA ji i jIA^ A^lill AUjVI u^\ hw / (w AS ,^Aj.>xll 

^ a£U1| jA 18.10.4.2 lAA^I A.aaS ji »Axj jlA^I 

A.UAill.j iAUa ija 9AXJ 3jil jlA^I ^ 

hw / higherw ^ r.j ^iiliA ,a1a£Ij 

hw / Cw AjmuIIj AJs^jaII dA^^I djil AamuIIj Alallj jlA^I ^ 

.(1 liSlA Alxji IaUIwI 


To restrain the inclined cracks effectively, reinforcement 
included in pt and pf should be appropriately distributed 
along the length and height of the wall (refer to 18.10.4.3). 
Chord reinforcement provided near wall edges in 
concentrated amounts for resisting bending moment is not to 
be included in determining pt and pf. Within practical limits, 
shear reinforcement distribution should be uniform and at a 
small spacing. If the factored shear force at a given level in a 
structure is resisted by several walls or several vertical wall 
segments of a perforated wall, the average unit shear strength 
assumed for the total available cross-sectional area is limited 
to 8 ' fc with the additional requirement that the unit shear 
strength assigned to any single vertical wall segment does 
not exceed 10 ' fc . The upper limit of strength to be assigned 
to any one member is imposed to limit the degree of 
redistribution of shear force. Horizontal wall segments in 
18.10.4.5 refer to wall sections between two vertically 
aligned openings (refer to Eig. R18.10.4.5). 
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18.10.4.2 In 18.10.4.1, the value of ratio hw/fw used to 
calculate Vn for segments of a wall shall be the greater of the 
ratios for the entire wall and the segment of wall considered. 

^ hw/fw ^ ‘ 18.10.4.1 18.10.4.2 

AAaSLj uiwull ^ 'Yu 

18.10.4.3 Walls shall have distributed shear reinforcement in 
two orthogonal directions in the plane of the wall. If hw/fw 
does not exceed 2.0, reinforcement ratio pf shall be at least 
the reinforcement ratio pt. 

QlAaldla £.J>“ jAaiJ u'J'^ u' 18.10.4.3 

u' ‘ 2.0 V hw / fw U*^ 'j). j'-^^ jyM ^ 
, pt 4 uaaU JsSh pf ^uLauII 

18.10.4.4 For all vertical wall segments sharing a common 
ateral force, Vn shall not be taken greater than 8Acv ' fc, 
where Acv is the gross area of concrete bounded by web 
thickness and length of section. For any one of the individual 
vertical wall segments, Vn shall not be taken greater than 
lOAcw ' fc , where Acw is the area of concrete section of the 
individual vertical wall segmentconsidered. 

djllj CjlfUall) ^ 18.10.4.4 

^8Acv * fc Vn 

Jjiaj A .ijtl AlAlj i.4aaaaj ^Acv 

Vi ^ i$H AjaauIIj, 

jJaLdl Aa».Laia> ^ Acw o' ‘ lOAcW ' fc (> Vn ii'i (4i 

CjjHI Axla^ 


It is, in effect, a vertical wall segment rotated through 90 
degrees. A horizontal wall segment is also referred to as a 
coupling beam when the openings are aligned vertically over 
the building height. When designing a horizontal wall 
segment or coupling beam, pt refers to vertical reinforcement 
and pf refers to horizontal reinforcement. 

ji f 

jlA^l ji JjjxaII jlAxil A-uaiHj 
jIxjSO hw / fw 'tjAAj JjAj ^uLaHI ijl] jaaajj 

Axis ji (JA u^l ji ‘jIJ^ AaI^I 

Saxj 9jil (>“ (j^awaAt (jA jA 18.10.4.2 0^ 

,A1a£Ij jiAxil AjaaHIj iillj (JM 

Ajuai'Ij aIaHj 0^ (j^‘^ hw / highcrw 'tAuu ^ 
iillj Jlxjj IjLHaaI hw / fw AaaaHIj AIs^jaII 

j pt d^AAj AIjIaII ^jAaaII 

V .(18.10.4.3 t^'j) 'tftlijjlj jlJaJl Jjla i_uaUa (Jl^app 
AajIAaI dJ^JA CjIaaS ^ 

^jjA (j~A u'^ iAj,'a«„'I JjAxll (jAAd p(. j pt JjAxj ^ 

a' 1 ij3 cliAjli |j| ,9jjxt.d ejliLuiA I^JA ^uLaj 

jIa^I ijlildJaS ijp j\ Qm Jjjxll QA Ui*^ ^jjaaa ^ 

^LaxVI ^UaaII 9j£ JxujIa iu^aII jI.1^ 

9AXJ jjLx^ Vi ejliLdVI ' fc 8 ^IaaII AAdjuIuiAll 

' fc. 10 j''^' (> fA yill 

^jJ QA Axil Axlj jJaft bj*' 9jill (jA Axil 

i^\ 18.10.4.5 AAiaSlI ixjlxil ^Ha ja^ .(j^aII Sji SaIcI 
.(18.10.4.5 J^aaII uaaxas JxjLxil ^LIa 

(_jil lllaji jIaajj .^jA 90 jll jlJ^il 

^lljjl CjIxaaII SIaIxa a 1& (jljiil SjaS ^Ia 

^uIaaaII ^I JAjaA t(jl JASI 9 Ja£ jI jIAX ^ jx Ale .^.Iua'I 

.yiaSlI JtAlAAill (jil JAAAJpf J j^AjAail 


18.10.4.5 For horizontal wall segments and coupling beams, 
Vn shall not be taken greater than lOAcw ' fc , where Acw is 
the area of concrete section of a horizontal wall segment or 
coupling beam. 


V i ^jAjaII CjIjaSIIj jI.^^ A^SlI Cjlellaill AaaaHIj 18.10.4.5 
AxLaaa ^ J* Acw 6 j% ‘lOAcw ' fc (> jjSi Vn u' 

,AxjAja 1| ejjjAill ji jIa^I Qa AjifiSlI ixla^ ^Laj^I ^lalAll 



Vertical 
wall segment 


Horizontal 
wall segment 


Fig. R18.10.4.5—Wall with openings. 

.CAlxiill jA jlA^l. R18.10.4.5 - 
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18.10.5 Design for flexure and axial force 

jUaiiiil 18.10.5 


18.10.5.1 Structural walls and portions of such walls subject 
to combined flexure and axial loads shall be designed in 
accordance with 22.4. Concrete and developed longitudinal 
reinforcement within effective flange widths, boundary 
elements, and the wall web shall be considered effective. The 
effects of openings shall be considered. 

(> 0^1 u'j-^ u' 4*^ 18.10.5.1 

jUjCI 22.4 'tL.dIj.aU i-ilf-l i-v *M' 

Ul&ll Jbilll ijA/Sa --'I 

^ ^LxHl 


18.10.5.2 Unless a more detailed analysis is performed, 
effective flange widths of flanged sections shall extend from 
the face of the web a distance equal to the lesser of one-half 
the distance to an adjacent wall web and 25 percent of the 
total wall height. 

ijia jC Hu i j^i ^ ^ La 18.10.5.2 

‘ fjA JiV CjUaM ^LwoaI Ajlauj^l ^Wa^U Ulxlj 

^La^l tjji y.2S J 


18.10.6 Boundary elements of special structural 
walls 

iydbJI <y4AJI^UaJI 18.10.6 


COMMENTARY 


R18.10.5 Design for flexure and axial fore 

iUa;ii!l (SiMiidjRlO.lO.S 

R18.10.5.1 Flexural strength of a wall or wall segment is 
determined according to procedures commonly used for 
columns. Strength should be determined considering the 
applied axial and lateral forces. Reinforcement concentrated 
in boundary elements and distributed in flanges and webs 
should be included in the strength calculations based on a 
strain compatibility analysis. The foundation supporting the 
wall should be designed to resist the wall boundary and web 
forces. For walls with openings, the influence of the opening 
or openings on flexural and shear strengths is to be 
considered and a load path around the opening or openings 
should be verified. Capacity-design concepts and strut-and- 
tie models may be useful for this purpose (Taylor et al. 
1998). 

liij jlJ^ ji jlJ^ JjJaj ^R18.10.5.1 

jIHcVI ^ 5U ^Lu CaHHudl 

^ djSjAll AHuIHI 

fiLL CjIjLui^ ■-.l-v Ua'l ^ j^Uxll 

‘CjljuUll 

jl.^1 

^UuVI ajS ■-il.y'a'l j{ jialll .i-.l.y'a'l 

ijjSj J2, CjIHlill ji J.a^l jUau ijjt 

.(Tdyloru^jidl l.l^ S.!^ iabjllj ^jLuj CjIjHII 

et al. 1998). 


R18.10.5.2 Where wall sections intersect to form L-, T-, C-, 
or other cross-sectional shapes, the influence of the flange on 
the behavior of the wall should be considered by selecting 
appropriate flange widths. Tests (Wallace 1996) show that 
effective flange width increases with increasing drift level 
and the effectiveness of a flange in compression differs from 
that for a flange in tension. The value used for the effective 
compression flange width has little effect on the strength and 
deformation capacity of the wall; therefore, to simplify 
design, a single value of effective flange width based on an 
estimate of the effective tension flange width is used in both 
tension and compression. 

ji C- ji T ji L >-4?^R10.10.5.2 

jft jji (1996 4.i.u (jijjft jUjib 

JalxHjVI ^ LiljHVI aJbJ ^ JLi.^1 AiHlI 

Jlxill JaULHjVI ^1, 4.iu ^ ‘ at'-vj 

^ L>J. jHll djji 

4.i.ui (j^\ IjbHil ^Lai 4.i.ui (JM 'La^ 

Hall (Jlx&ll Hall 

R18.10.6 Boundary elements of special structural 
walls 

aydbJI gdiAil iyJAJI ^UaJlR18.10.6 


469 








CODE 

jjSlI 


COMMENTARY 


18.10.6.1 The need for special boundary elements at the 
edges of structural walls shall be evaluated in accordance 
with 18.10.6.2 or 18.10.6.3. The requirements of 18.10.6.4 
and 18.10.6.5 shall also be satisfied. 

ciljiai ijC’ 18.10.6.1 

CiUUal, Liji 18.10.6.3 ji 18.10.6.2 -1 

.18.10.6.5 j 18.10.6.4 


18.10.6.2 Walls or wall piers with hw/fw > 2.0 that are 
effectively continuous from the base of structure to top of 
wall and are designed to have a single critical section for 
flexure and axial loads shall satisfy (a) and (b) or shall be 
designed by 18.10.6.3: (a) Compression zones shall be 
reinforced with special boundary elements where 


c > 


600(1.55„//j,.) 


(18.10.6.2) 


and c corresponds to the largest neutral axis depth calculated 
for the factored axial force and nominal moment strength 
consistent with the direetion of the design displaeement 5u. 
Ratio 5u/hw shall not be taken less than 0.005. (b) Where 
special boundary elements are required by (a), the special 
boundary element transverse reinforcement shall extend 
vertically above and below the critical section at least the 
greater of fw and Mu/4Vu, except as permitted in 
18.10.6.4(g). 


hw / >w > 2.0 j' 6' 18.10.6.2 

IJA i.AAi^A 

:18.10.6.3 ji (v) J (') 


■>''1 

C>_ i _ ' 

600(1.55„//tJ 

djih ^ Q 

.0.005 (> Jit 6u / hw V 

Jaaa t (I) ^ ..^1-vU Aj.1^1 j^Uxl) (u) 

(JjS 1^0 

^ 4j ^jam jA L> (iLSluib i Mu / 4Vu J (W (> 

(g) .18.10.6.4 



R18.10.6.1 Two design approaches for evaluating detailing 
requirements at wall boundaries are included in 18.10.6.1. 
Provision 18.10.6.2 allows the use of displacement-based 
design of walls, in which the structural details are 
determined directly on the basis of the expected lateral 
displacements of the wall. The provisions of 18.10.6.3 are 
similar to those of the 1995 Code, and have been retained 
because they are conservative for assessing required 
transverse reinforcement at wall boundaries for many walls. 
Provisions 18.10.6.4 and 18.10.6.5 apply to structural walls 
designed by either 18.10.6.2 or 18.10.6.3. 

cjbllalAll QaamSu ^R.18.10.6.1 

^aaaou 18 . 10 . 6.2 - 1^1 jyjj . 18 . 10 . 6.1 

^LwjI ^ ^ 

18.10.6.3 

ujlixdl Aiai^JLa fAj ‘1995 

18.10.6.5 j 18.10.6.4 u- 

.18.10.6.3 ji 18.10.6.2 H 

R18.10.6.2 This section is based on the assumption that 
inelastic response of the wall is dominated by flexural action 
at a critical, yielding section. The wall should be 
proportioned so that the critical section occurs where 
intended. Equation (18.10.6.2) follows from a displacement- 
based approach (Moehle 1992; Wallace and Orakcal 2002). 
The approach assumes that special boundary elements are 
required to confine the concrete where the strain at the 
extreme compression fiber of the wall exceeds a critical 
value when the wall is displaced to 1.5 times the design 
displacement. The multiplier of 1.5 on design displacement 
was added to Equation (18.10.6.2) in the 2014 version of this 
Code to produce detailing requirements more consistent with 
the building code performance intent of a low probability of 
collapse in Maximum Considered Earthquake level shaking. 
The lower limit of 0.005 on the quantity 5u/hw requires 
special boundary elements if wall boundary longitudinal 
reinforcement tensile strain does not reach approximately 
twice the limit used to define tension controlled beam 
sections according to 21.2.2. The lower limit of 0.005 on the 
quantity 5u/hw requires moderate wall deformation capacity 
for stiff buildings. The neutral axis depth c in Eq. (18.10.6.2) 
is the depth calculated according to 22.2 corresponding to 
development of nominal flexural strength of the wall when 
displaced in the same direction as 5u. The axial load is the 
factored axial load that is consistent with the design load 
combination that produces the design displacement 5u. 
The height of the special boundary element is based on 
estimates of plastic hinge length and extends beyond the 
zone over which yielding of tension reinforcement and 
spalling of concrete are likely to occur. 
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18.10.6.3 Structural walls not designed in accordance with 
18.10.6.2 shall have special boundary elements at boundaries 
and edges around openings of structural walls where the 
maximum extreme fiber compressive stress, corresponding to 
load combinations including earthquake effects E, exceeds 
0.2fc'. The special boundary element shall be permitted to be 
discontinued where the calculated compressive stress is less 
than 0.15fc'. Stresses shall be calculated for the factored 
loads using a linearly elastic model and gross section 
properties. For walls with flanges, an effective flange width 
as given in 18.10.5.2 shall be used. 


18.10.6.2 -1 j^l u' 18.10.6.3 

ejlaaS ciljlaVlj 

Lu ^ ‘ hiuSa 

jiuaall ciUj) ^ (j\ 1 — 1 ^. 0.2fc' ‘ E 
i_^, O.lSfc'u^ ‘.'J' LaAjfr 

^laLdl diUl^VI 

Jl&S Aku iliLiu ej|j AiUjiitb. 

.18.10.5.2 jA ^ 


jlJaJl AJj^l Ajlaa-iVI (j’l (>'J^' l ^\ 'j* •iu*-jR18.10.6.2 

UJ% .A;^Sh ^JaLa ^ ^UajVI bil^l 

^ '}“t 

chVIj I (Moehle 1992^^5^1' fbli 5^ (18.10.6.2) 

CjUaA ^ .^1 A'l jAdbxll oi 2002 JliSljjb 

uilJl ^ 

dj«a 1,5 ^ AJajiAll iaxJall 

JjjAjuIl 1.5 cifrLJa.a 4.SLJal iJIlaj .^qaa^II) 

bil .'Ua'i A jlilV ujjlill lj* (> 2014 jtA^! <^Equation (18.10.6.2) 

jb^^ JLu^l (jA fiJl A^ ^ j^I 

6u / AjaSII ijk. 0.005 c> AaJl .(_y-aaSll Jljljll jjIjm JIJjAI ^ 
."'t j.^1 A£1 u ^ |j| Ad.dLk jAdbc ullajjhw 

SJAill ^LLa JjA^ «'A*. ,1 a'1 I a«,>i Jj.1^ AjA^ 

0.005 Cy> (yJVl AaJi tjllajj .21.2.2 -1 llaj Aailll^ faSai 

Ajla«all j^^a.All .AaL^I ^ball Aja^AjlAll jlA^I dj^ij djAi5u / hw 

22.2 -1 uijaA -a .A ' 1 j* (18.10.6.2) .JjIxaII 

§U. tjjikj ^ Aa& jlA^ AjaujVI fbaJVl 

A^ja ^ ^_^bab ^jAja»all JaaJl jk ^j^^a^all 

^AjAall jA^axll AjlaA^ 5u. ^0! AaAjaa^llj 

Aab^^tt fijj La Alajj Ja^kall J^^la bjljjA^ 

.^bajj^lj Aa^I i^Aaj Qa 

R18.10.6.3 By this procedure, the wall is considered to be 
acted on by gravity loads and the maximum shear and 
moment induced by earthquake in a given direction. Under 
this loading, the compressed boundary at the critical section 
resists the tributary gravity load plus the compressive 
resultant associated with the bending moment. Recognizing 
that this loading condition may be repeated many times 
during the strong motion, the concrete is to be confined 
where the calculated compressive stresses exceed a nominal 
critical value equal to 0.2fc'. The stress is to be calculated for 
the factored forces on the section assuming linear response 
of the gross concrete section. The compressive stress of 
0.2fc' is used as an index value and does not necessarily 
describe the actual state of stress that may develop at the 
critical section under the influence of the actual inertia forces 
for the anticipated earthquake intensity. 


^Al^l JLi^b A^ j'AaJi o' ‘ J^'V' <^R18.10.6.3 

ota iJjAaill lAA biaj. OJ*^ *1^' o^ J 

^b ijW ^Lba^b ^Al.& Ja^ ^ ^Jo^uSoaW AjA^I 

Sac as 9^ Jaa&aII ob t^ljAl, Js^jaII LU 

Uji ,>i'l AjLAjkll jao ^ ^ ‘Ajj^I ASj^I biloA 

Jakball ^fc '. 0.2 jjjLuu AoawiI 

Vj ^..o^fc as 0.2 

^ djjjA^aJlj 
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18.10.6.4 Where special boundary elements are required by 
18.10.6.2 or 18.10.6.3, (a) through (h) shall be satisfied: (a) 
The boundary element shall extend horizontally from the 
extreme compression fiber a distance at least the greater of c 
- O.lfw and c/2, where c is the largest neutral axis depth 
calculated for the factored axial force and nominal moment 
strength consistent with 5u. (b) Width of the flexural 
compression zone, b, over the horizontal distance calculated 
by 18.10.6.4(a), including flange if present, shall be at least 
hu/16, (c) For walls or wall piers with hw/fw > 2.0 that are 
effectively continuous from the base of structure to top of 
wall, designed to have a single critical section for flexure and 
axial loads, and with c/fw > 3/8, width of the flexural 
compression zone b over the length calculated in 18.10.6.4(a) 
shall be greater than or equal to 300 mm. (d) In flanged 
sections, the boundary element shall include the effective 
flange width in compression and shall extend at least 300 
mm. into the web. (e) The boundary element transverse 
reinforcement shall satisfy 18.7.5.2(a) through (e) and 
18.7.5.3, except the value hx in 18.7.5.2 shall not exceed the 
lesser of 350 mm. and two-thirds of the boundary element 
thickness, and the transverse reinforcement spacing limit of 
18.7.5.3(a) shall be one-third of the least dimension of the 
boundary element, (f) The amount of transverse 
reinforcement shall be in accordance with Table 18.10.6.4(f). 

18.10.6.2 (jjij '-a.ijfti 8.10.6.4 

1 1 -| 8.10.6.3 ji 

V ^ ciUli ija Jlu i_l^ 

C ‘ C / 2j‘ C - O.lf’B' (if' 

5u ^ ^ djill 

tJaLual) Allala (v) 

clulS Ulxll ^ Iaj i ^3^ *1 3.1 0.6.4 

.JaVlt^ hu/16 ‘ 

oi^ hw/fw > 2.0*^'^ j' u'j-^ (j) 

C / €w ^ ?UajVl JjJaia 

‘.'J' b Aiiaxa (J^J^ UJ^ ‘ 3/8 

jlaiLi (j) .mm 300 j' 0- (a) 18.10.6.4 iJ 

hiuSal\ ^ Jbi&h (ji i_^ lAjjlxll 

_Ajkuijli ^ mm 300 ab 

(a) 18.7.5.2 u' (-*) 

jjlajj Vi 18.7.5.2 hx u' ‘18.7.5.3 j(e) 

jcbili mm 350 J^i 

jaj Jai (3) 18.7.5.3 4 lisj j*Jl 
.(j) 18.10.6.4 ‘UaS tjjij tji (4) 


COMMENTARY 

R18.10.6.4 The horizontal dimension of the special boundary 
element is intended to extend at least over the length where 
the concrete compressive strain exceeds the critical value. 
For flanged wall sections, including box shapes, L-shapes, 
and C-shapes, the calculation to determine the need for 
special boundary elements should include a direction of 
lateral load consistent with the orthogonal combinations 
defined in ASCE/SEI 7. The value of c/2 in 18.10.6.4(a) is to 
provide a minimum length of the special boundary element. 
Good detailing practice is to arrange the longitudinal 
reinforcement and the confinement reinforcement such that 
all primary longitudinal reinforcement at the wall boundary 
is supported by transverse reinforcement. A slenderness limit 
is introduced into the 2014 edition of this Code based on 
lateral instability failures of slender wall boundaries 
observed in recent earthquakes and tests (Wallace 2012; 
Wallace et al. 2012). Eor walls with large cover, where 
spalling of cover concrete would lead to a significantly 
reduced section, increased boundary element thickness 
should be considered. A value of c/fw > 3/8 is used to define 
a wall critical section that is not tension-controlled according 
to 21.2.2. A minimum wall thickness of 300 mm. is imposed 
to reduce the likelihood of lateral instability of the 
compression zone after spalling of cover concrete. Where 
flanges are highly stressed in compression, the web-to-flange 
interface is likely to be highly stressed and may sustain local 
crushing failure unless special boundary element 
reinforcement extends into the web. Required transverse 
reinforcement at wall boundaries is based on column 
provisions. Expression (a) of Table 18.10.6.4(f) was applied 
to wall special boundary elements prior to the 1999 edition 
of this Code. It is reinstated in the 2014 edition of this Code 
due to concerns that expression 

(b) of Table 18.10.6.4(f) by itself does not provide adequate 
transverse reinforcement for thin walls where concrete cover 
accounts for a significant portion of the wall thickness. Eor 
wall special boundary elements having rectangular cross 
section, Ag and Ach in expressions (a) and (c) in Table 
18.10.6.4(f) are defined as Ag = fbeb and Ach = bclbc2, 
where dimensions are shown in Eig. R18.10.6.4.1. This 
considers that concrete spalling is likely to occur only on the 
exposed faces of the confined boundary element. The limits 
on hx are intended to provide more uniform spacing of hoops 
and crossties for thin walls. Tests (Thomsen and Wallace 
2004) show that adequate performance can be achieved 
using vertical spacing greater than permitted by 18.7.5.3(a). 
are summarized in Eig. R18.10.6.4.2 (Moehle et al. 2011). 
The horizontal reinforcement in a structural wall with low 
shear-to-moment ratio resists shear through truss action, with 
the horizontal bars acting like the stirrups in a beam. Thus, 
the horizontal bars provided for shear reinforcement must be 
developed within the confined core of the boundarymust be 
developed within the confined core of the boundary element 
and extended as close to the end of the wall as cover 
requirements and proximity of other reinforcement permit. 
The anchored within the confined core of the boundary 
lement and extended to within 6 in. from the end of the wall 
applies to all horizontal bars whether straight, hooked, or 
headed, as illustrated in Eig. R18.10.6.4.1.anchored within 
the confined core of the boundary element and extended to 
within 150 mm. from the end of the wall applies to all 
horizontal bars whether straight, hooked, or headed, as 
illustrated in Eig. R18.10.6.4.1. 
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Table 18.10.6.4(f)—Transverse reinforcement for special 
bonndary elements 

j...dUiiU jxll — (j) 18.10.6.4 


TYansverse reinforcemeut 

Applicable expressions 


AJsbc for rectilinear hoop 

Greater of 

“(t-']f 

(a) 

0.09^ 

Jyt 

(b) 

Pj for spiral or circular hoop 

Greater of 

0 . 45 ! A_i]i 
[^A. )f^ 

(c) 

/' 

0 . 122 i- 

/x 

(d) 


(g) Where the critical section occurs at the wall base, the 
boundary element transverse reinforcement at the wall base 
shall extend into the support at least fd, in accordance with 
18.10.2.3, of the largest longitudinal reinforcement in the 
special boundary element. Where the special boundary 
element terminates on a footing, mat, or pile cap, special 
boundary element transverse reinforcement shall extend at 
least 300 mm. into the footing, mat, or pile cap, unless a 
greater extension is required by 18.13.2.3. (h) Horizontal 
reinforcement in the wall web shall extend to within 6 in. of 
the end of the wall. Reinforcement shall be anchored to 
develop fy within the confined core of the boundary element 
using standard hooks or heads. Where the confined boundary 
element has sufficient length to develop the horizontal web 
reinforcement, and Asfy/s of the horizontal web 
reinforcement does not exceed Asfyt/s of the boundary 
element transverse reinforcement parallel to the horizontal 
web reinforcement, it shall be permitted to terminate the 
horizontal web reinforcement without a standard hook or 
head. 

tjcli Ajc LaAlfr (J) 

J CiSj i {d (JaVl jll Ij\\ Jlu jlJ^I Sjftla ^ jj/aaU 

Ujjc (Jj!a jiAJ jjSV i 18.10.2.3 

jl AjoiA jl 

(jjLjii ^ mm 300 O* Jk; V La (jaalill jAojxll jxll JtiLjilll 
^ Jj.laj iilUA ^ La jl jI 

6 JjJa. Jlaj ^ (c) .18.13.2.3 

dl^^l C>9 ^L^jj 

La.ll& ja jl 

jjL&jj Vj ^ululU Jjia 

jtjiuilU Asfyt / s AiAU jtiluull (>aAsfy / s 

j. .<1 ja ^ a<& 


<.a^j Jaa-ua J^Sfl 

L JlLiii iillj ^ Laj 

uLau^l J,alwu i C 

dalalxlAll ^ (3^ ^ dl^l 

> (i) 18.10.6.4 J 2 / 2: ^ ASCE / SEI7. J 

Aa^ujIaaII 

^ 

Al^ ^ JIAjI ^ AkA^uljj jl .^1 Jj. 1 ^ . 1 I& 

jlj^ludVl ^a^ fUj ^ 2014 

2012 U-V» j) 5Jja-Sfl Cl!jl^Vlj JjVjl! iJ Ciiaa. Al^\ j^\ 
i fUail! CjIj Aja^JILj .(2012 UJ^^J c>“Vlj i 

dJl^ ^ ji^! AjLwij^I 

^iaLa UAJjad (; / >3/8 ^ jA^Iad! ^Iauj 

^jS ^ . 21 . 2.2 ^ V 

jxj JaULCijV! Aiialftl j! jHujV! jLal^l mitl 300 jt^^! 

(JaULCajV! ^ JaLiial! 3.^1^ ,AjU.u^)^} 

jL^V! dJjAu Ai^j ALill A^lj 
Aa^I^! jA^UaJl aiLoj ^ La 3 ^a^! JaIa 

.J^^aoxll jiluuj jIj^I Jj. 1^ ^uLdll .A^a^I 

JjaiaJl jA^Uc. ^ (j) 18.10.6.4 Jj-ia-il (i) ^ 

Ax^ ^ AjJI&! ^ 1999 Ajl^ jI^^L A^l^l 

j.^ ^ cijl^All UiUa.M. 1 4j^lH} 1.^ 2014 

^]sl\ ^^jxJ! jSjj V AilJ .lx ^ (j) 18.10.6.4 t> (v) 

.jl^^l iiLaA.u AjIaiuj^} fUafr 

^ (ALJaluM ^aCj Aa^I^I ja^UxU AoaauIIj 

18.10.6.4 Jj-iaJl ^ (c) J (a) ^ Ach j Ag J-»!j*ai! ci^ 

JiAAil! ^ jlxjSf! i Ach = bclbc2j Ag = Cbeb 

Jaia J^oI^aI! ^ 4JLyu jjaaiSj IIa c5JiiR18. 10.6.4.1. 

HX ^a^j .jja^^aI! ja^IxU ^JaSi^aII ^J£' 

.Ai^j SaixjA crossties j aJc-Lil! jja 

fUSf! (jjiau ^jioj Aii Wallace (2004j Thomsen) CiijUixV! 

(a). 18.7.5.3 ^ ^,^a*^AAAl! A^ij CiIaIaaa ^i.ixaaaIj ^uaUaIi 

R18.10.k4.2 (Moehle et al. 2011). J 

^3^ ^..Cai^xa Axuu ^a ^^LaauV! ^jAS^\ ^ulwdl 

^ CiUlLl! Jxa Aj^V! AJajA^V! J>4& ^ Ja& ^ja 

^-aL_ua.\ ^ A^Vl ^IjAiaiJ! Cl^ .djA^i! 

jIojj djjA^^Al! dl^l J&Ij djjA^^Al! dijll) J&lJ 

^ulyuA^j ^jA uj£j cliUllalAS jiai^l 

150 laiA sljlll Jib JSjjj .tSjiVI 

j! A.AjilwLa CojIC fljAA A^^V! ^jlxCaill ,^a^ j!^^! 0^ mm 

R.10.10.6.4.1. J^! LaS ji aAjLa 

A^^Sf! AJa^^VI ^XA^ . 6 i^\ ailAjj jA^IaJl 

, JS^titl La£ A fA Ajal. .1 n 

R.18.10.6.4.1. 
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Horizontal web reinforcement, A. 


Confined 
core 




be 


^c1 


^c2 








fe: 


< 150 mm 


T 


t 


A 




or 


as appropriate 
faj 

Option with standard hooks or headed reinforcement 
Boundary element Horizontal web 



Option with straight developed reinforcement 

Fig. R18.10.6.4.1—Development of wall horizontal 
reinforcement in confined boundary element 

^ iiu.uj; R18.10.6.4.1 - 
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Ties not required • 


Ties per I 
18.10.6.5 


Special 
boundary 
element — 
i. 300 mm 


fori 25fy-vl r 
(or hook as req'd.) ^ 1= 


o & 


P < 2 . 8 /r, 


pi2Rtfy 


fc 


max 

V*Vcri«e*/ 

L MCUon 

If e/;„2 3/8. 
then b a 300 mm 


Bour>dary element not . 
near edge of footing 


- Boundary element near edge 
of fooling or other support 


(a) WoU wuh (Huta crilwal setuon vimtitillcdhy tU’xuiv utui 

(jxial iH. 10.6.2, tS./0.6> 4. onJ fH.{0.6.5 


a < 0.15f^ 

/JS2.8//y 

Ties not required 

o-< 0.15/e 
/>> 2 . 8 //^ 

Tres per 18.10.6.5 


a >02/' Spedat boundary 
K *. Mc etemenl required. 
See Notes. 


Notes; Requirement for special boundary elen>ent is triggered if maximum extreme 
8ber compressive stress <t t 0.2f^. Once triggered, the special boundary element 
extends until a < O.IS/^. Since S 2.0, 18.10.6.4(c) does not apply. 

(bf \Vo{{ am! woU pnr th-M^nvil usm}’ IH 10.6 S. /.V 10.6.4. niu{ {H 10.6.5 



r 

cr^O.: 

Specia 

elemer 

rrDev 

I 

\ 

boundary 
t required 

elop for fy past opening, 
top and bottom 

o-so.2f.; 

Vp>2.Blf^-. 1 

Ties per 18.10.6.5 I 






18.10.6.5 Where special boundary elements are not required 
by 18.10.6.2 or 18.10.6.3, (a) and (b) shall be satisfied; (a) If 
the longitudinal reinforcement ratio at the wall boundary 
exceeds 400/fy, boundary transverse reinforcement shall 
satisfy 18.7.5.2(a) through (e) over the distance calculated in 
accordance with 18.10.6.4(a). The longitudinal spacing of 
transverse reinforcement at the wall boundary shall not 
exceed the lesser of 200 mm. and 8db of the smallest primary 
flexural reinforcing bars, except the spacing shall not exceed 
the lesser of 150 mm. and 6db within a distance equal to the 
greater of fw and Mu/4Vu above and below critical sections 
where yielding of longitudinal reinforcement is likely to 
occur as a result of inelastic lateral displacements, (b) Except 
where Vu in the plane of the wall is less than Acvk ' fc, 
horizontal reinforcement terminating at the edges of 
structural walls without boundary elements shall have a 
standard hook engaging the edge reinforcement or the edge 
reinforcement shall be enclosed in U-stirrups having the 
same size and spacing as, and spliced to, the horizontal 
reinforcement. 


Fig. R18.10.6.4.2—Summary of boundary element 
requirements for special walls 

j^Uxll Ljbllala R18.10.6.4.2 - 

R18.10.6.5 Cyclic load reversals may lead to buckling of 
boundary longitudinal reinforcement even in cases where the 
demands on the boundary of the wall do not require special 
boundary elements. For walls with moderate amounts of 
boundary longitudinal reinforcement, ties are required to 
inhibit buckling. The longitudinal reinforcement ratio is 
intended to include only the reinforcement at the wall 
boundary, as indicated in Fig. R18.10.6.5. A greater spacing 
of ties relative to 18.10.6.4(e) is allowed due to the lower 
deformation demands on the walls. Requirements of 
18.10.6.5 apply over the entire wall height and are 
summarized in Fig. R18.10.6.4.2 for cases where special 
boundary elements are required (Moehle et al. 2011). The 
addition of hooks or U-stirrups at the ends of horizontal wall 
reinforcement provides anchorage so that the reinforcement 
will be effective in resisting shear forces. It will also tend to 
inhibit the buckling of the vertical edge reinforcement. In 
walls with low in-plane shear, the development of horizontal 
reinforcement is not necessary. 
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ly, i j^LjaJl CxS^ La.ljc 18.10.6.5 

(v) j (i) ji 18.10.6.3 18.10.6.2 
400/fy 4 .ja^) |j| 

ik^\ Jc. (e) j\ (a) 18.7.5.2 o' 

jftUjJl Jjlai V ij\ L^, (a) 18.10.6.4 4 £Saj 
ji^V 8db j mm 200 (> J^' aIc ^-iajxJl juluiiU 

6dbj mm 150 <>> J^' VI if.UajiU juluiill 

jJaliaJI Oiajj jjS Mu / 4Vu J tw (> JJ^V ^Lut« Sitjia 

OiL^ljbU c (ji QA 

,^j.a J^' '* 

6' ‘ AcvA. ' fc 6^ J^' jA isj^ Vu (“) 

Oili^ jAaijc. ijjlJ o^^' o'jA^ i_iljiai Aic 

y- (^liLa ^Auulj 05% jl ^ 

.(^Vl 1 CHAj ^ 


COMMENTARY 


Cjli ijl\ AilaJl (jli^Vl o"li«jVl tibiae o' 6^R18.10.6.5 

tOUlkla V tiVl .^1 ^ Jj.A^ "''I 

ya tiU.aSll tilJ jo^Ue j1>a^1 

^Mjil ya iajlj^l Jajj 

JSaaII ^ O^^ ^ '-^ tjl.A^I Jj>A^ lais jA.i 2 i\ 

(e) 18.10.6.4 tOliiUU j^\ jeUj j^R.10.10.6.5. 

18.10.6.5 tibllala ,(jlj.A^I ^^^ie fjjUliajA ^jiallijl 

tiVlaJJ R.10.10.6.4.2 Jioil' (J u^j ''4-sL jlJaJl Jjk Jc. 
j 2 jj (Moehle et al. 2011). 3jjltu jAaUe 14 ^ 

'jo^j t^^VI ^uiyu tibl^j y ^lej ji ‘ ajl.ill.i-v ^Udl 

<Ui La£ ,0^^' ^ Vliii OJ^ 

y> ijji^ ttULujAil ^ (IiU ^ .AjJjAxil 


r- - - 1 

• • • • 

• • 

r 

V • 

1 

ary 

3l bars 

^ 14 boundc 
longitudin 

• • • • 

V • • • 

• 

r 

• 


14 A* 


h(2x + a) 


Distributed 

bars 


2A, 


hs 


■ Distributed bars, Aj,_ 
at equal spacing s 


Fig. R18.10.6.5—Longitudinal reinforcement ratios for 
typical wall boundary conditions 

Jj.A^ cijjiat uuu, R18.10.6.5 ~ Jitill 
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18.10.7 Coupling beams 

QljiA&ll 18.10.7 

18.10.7.1 Coupling beams with (In/h) > 4 shall satisfy the 
requirements of 18.6, with the wall boundary interpreted as 
being a column. The provisions of 18.6.2.1(b) and (c) need 
not be satisfied if it can be shown by analysis that the beam 
has adequate lateral stability. 

iiiLJlala ({n / h) > 4 cjIjaSJI yijluu (ji 18.10.7.1 

V. 2^ ‘ 18.6 

jljUuiLi jlajj (jlj Jjlaill jLfla! '^1 (c) J (b) 18.6.2.1 

18.10.7.2 Coupling beams with (fn/h) < 2 and with Vu 4X ' 
fcAcw shall be reinforced with two intersecting groups of 
diagonally placed bars symmetrical about the midspan, 
unless it can be shown that loss of stiffness and strength of 
the coupling beams will not impair the vertical load-carrying 
ability of the structure, the egress from the structure, or the 
integrity of nonstructural components and their connections 
to the structure. 

Vu 4X ' e-J (fn/h) < 2 18.10.7.2 

4.^La2.a ^fcAcW 

(ji CjUjI ^ Ia & ^LuiaII ' 

(JA ji & UaaAiU Ja^H djjill ‘ ^ CjIjaSII 

, UaiaILj A^LajI ^^La ji & IaaIaI) 

18.10.7.3 Coupling beams not governed by 18.10.7.1 or 
18.10.7.2 shall be permitted to be reinforced either with two 
intersecting groups of diagonally placed bars symmetrical 
about the midspan or according to 18.6.3 through 18.6.5, 
with the wall boundary interpreted as being a column. 

18.10.7.1 -J j^l Aa^jJaH ijjljAill jiaSaajj jiAAAj 18.10.7.3 

tjjiaa ^l^Vl 4^ QUxJalilA ^jja&^^a^aj IaI 18.10.7.2 ji 

^ ( 18.6.5 18.6.3 ^i'^Ai-^i jl aaLaaI) ' aIjIaIa 


COMMENTARY 


R18.10.7 Coupling beams —Coupling beams connecting 
structural walls can provide stiffness and energy dissipation. 
In many cases, geometric limits result in coupling beams that 
are deep in relation to their clear span. Deep coupling beams 
may be controlled by shear and may be susceptible to 
strength and stiffness deterioration under earthquake loading. 
Test results (Paulay and Binney 1974; Barney et al. 1980) 
have shown that confined diagonal reinforcement provides 
adequate resistance in deep coupling beams. Experiments 
show that diagonally oriented reinforcement is effective only 
if the bars are placed with a large inclination. Therefore, 
diagonally reinforced coupling beams are restricted to beams 
having aspect ratio fn/h < 4. The 2008 edition of this Code 
was changed to clarify that coupling beams of intermediate 
aspect ratio can be reinforced according to 18.6.3 through 
18.6.5. Diagonal bars should be placed approximately 
symmetrically in the beam cross section, in two or more 
layers. The diagonally placed bars are intended to provide 
the entire shear and corresponding moment strength of the 
beam. Designs deriving their moment strength from 
combinations of diagonal and longitudinal bars are not 
covered by these provisions. Two confinement options are 
described. According to 18.10.7.4(c), each diagonal element 
consists of a cage of longitudinal and transverse 
reinforcement, as shown in Fig. R18.10.7(a). Each cage 
contains at least four diagonal bars and confines a concrete 
core. The requirement on side dimensions of the cage and its 
core is to provide adequate stability to the cross section when 
the bars are loaded beyond yielding. The minimum 
dimensions and required reinforcement clearances may 
control the wall width. Revisions were made in the 2008 
Code to relax spacing of transverse reinforcement confining 
the diagonal bars, to clarify that confinement is required at 
the intersection of the diagonals, and to simplify design of 
the longitudinal and transverse reinforcement around the 
beam perimeter; beams with these new details are expected 
to perform acceptably. The expres sions for transverse 
reinforcement Ash are based on ensuring compression 
capacity of an equivalent column section is maintained after 
spalling of cover concrete. Section 18.10.7.4(d) describes a 
second option for confinement of the diagonals introduced in 
the 2008 Code (refer to Fig. R18.10.7(b)). This second 
option is to confine the entire beam cross section instead of 
confining the individual diagonals. This option can 
considerably simplify field placement of hoops, which can 
otherwise be especially challenging where diagonal bars 
intersect each other or enter the wall boundary. For coupling 
beams not used as part of the lateral-forceresisting system, 
the requirements for diagonal reinforcement may be waived. 
Test results (Barney et al. 1980) demonstrate that beams 
reinforced as described in 18.10.7 have adequate ductility at 
shear forces exceeding 10 ' fc bwd. Consequently, the use of 
a limit of 10 ' fcAcw provides an acceptable upper limit. 
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■Jajjj JL-ajVl jSjj (ji (jLu - CiI^>»SIIR18.10.7 

.^.^1 ^ uU*^ 

^ lAJlJiLaL ^Jlauj Lo^ AaA^.lI^I 

^ jjAJulI (jj^ c3^J^ U^ ^ 

LT^J ^Vjij) jU^^\ Ci j^iai .^j djiJ) 

kA)S jSjj ulaill JjUI! ^uluiil! (1980 UJJ^'j <>jW -1974 

V ^uluul) ^^aj-ae. ^Ij^} djA^ ^ 

sijIaIi (jijjli c3^ ^ ij| V| ilui 

Ajl^ ^ tn / h <4. ^LajjVl (j^ j*-!) CjIj 5Ujlaa 

^1 (j ^jxll Ajmij ^1 jjfi) d ^1 Jjil) 1.^ (jA 2008 

^IaII ^jlfiJaill Ui^ .18.6.5 (j^ 18.6.3 ^LijjVl 

,j^l jl ^ ( djA^ ^^.A^ajxi) ^ jiaUla 

^jxJ) dj^j JaL£1| (_^\ ^ ^ c3^1-a ^jA^a^^Al) ^UA^aill 

(JA ^olbUJ CjIaAA4^!11) d^A V .dJAil^ ^I^aII 

J lifij ^jl^ (-Aa^J ^ .^jiaillj ^jljA^aill CjI^ja-na 

^jlal! (jA (j^ (jA ^jlaa jA^ JS (JjSjj t(^) 18.10.7.4 

^ JS .(i) R.IO.10.7 J^' jA US 

iajA^I .l^Uuj^ J^^jJ AJ^jaaI ^UjjI 

^laLoU CjU^I j^jj jA jUjVL 

jljubU >^1 *<-v-''tj U ^1 ^U^ai^l ^ UaI& 

^ <Jjjj^l .JajL^l 4j,^^IiaAll ^uLaH) «Ij1jjI.^j 

^Li^V\l j-L^-v-j ^ulwull clililAAA!) ^ ■flAft-vA.t 2008 

*j ■'■^'^ ioiAA^j ijUaiVI ^J^Ul ,llc- u^^lIaA jUS^Vl (ji 4^Ull 

jAA^liSll ^ SjaSI) ^SjaSI) ^jiall ^uluull 

^laIaaH) bUlkA (JjljL^l^l ±tu3uj 0^ ^jIaII ^ 

.^Laj^I ^.JSaaj ±u £^ISa J.,^a& ^aaS iaULJajl SjJS ^UJa 
^ I^UjI ^ jUafiVl ^jA^ jL^I (J) 18.10.7.4 f»AA^I t iflA^j 

^ ^011 jLSJl .((v) 10-18 5^U) 2008 

jU^I 1.^ 4jSaj jUaiVI jA^ ^ JaISIL ^JalAll 

Aajl^ (ji (jSaj JSa^ fJIjiaSfl 

jt ^jlaxJl l^A^axj ^Uil ^jaaVI 

qSaj ^ djAAiill} ^ ^.I&aaaj V Jaa^,^) ojaSI AjaaIIL 

jUS^Vl .^jiaill ^uLaHI cjUliaSA JjLHIl 

lljA l^^'l8.10.7 J > US SIjAaII SjaSII oi ^ (1980 

^likjAAl (j\l b fc bwd. 10 JjUSj ij^\ ^ 4_aj!!U 

^\ \^ jSjj f fcAcw 10 ^ 
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18.10.7 Coupling beams. 

(al>a^ll8.10.7 

18.10.7.1 Coupling beams with {In/h) > 4 shall satisfy the 
requirements of 18.6, with the wall boundary interpreted as 
being a column. The provisions of 18.6.2.1(b) and (c) need not 
be satisfied if it can be shown by analysis that the beam has 
adequate lateral stability. 

18.6 cjUUala In / h) > 4) 18.10.7.1 

V lAjJ* llftl ^ J ^ ( 

I 4 JJI ^ 2)1 (Jjlalll J5U. ijji j^Jaj tjlS Ijj (j) j (ui) 18.6.2.1 


18.10.7.2 Coupling beams with (In/h) < 2 and with Vu > 
0.331 fc'Acw shall be reinforced with two intersecting 
groups of diagonally placed bars symmetrical about the 
midspan, unless it can be shown that loss of stiffness and 
strength of the coupling beams will not impair the vertical load¬ 
carrying ability of the structure, the egress from the structure, 
or the integrity of nonstructural components and their 
connections to the structure. 

(In/h) < 2 18.10.7.2 

(Jitij AjjJaS ^ ^ Vn > 0.331 fc'AcW 

ijij liUj CAi ^ ^ 1 A. 3 Uj 1 .all ‘ A^lola JJLa 

lyi ij£^l lyi ^jlC’ ) jJ^I I Mijij ^ ^jJj.all > ja£ll 

ejU^^Loll ^^Lji ji ' \t 

18.10.7.3 Coupling beams not governed by 18.17.7.1 

or 18.17.7.6shall be permitted to be reinforced either with two 

intersecting groups of diagonally placed bars symmetrical about 
the midspan or according to 18.6.3 through 18.6.5, with the 
wall boundary interpreted as being a column. 

j' 18.17.7.1 -i jJft Aja.jJJjill liljjiSll gaiui lt ^^uju 18.10.7.3 

JSj^ l)jLa Afjj.laj.all Ajjla^l ^ ^jjjxlalila ^jalfrja^a ^ ^Iju 18.17.7.6 

jlJaJl JjJA Ja i 18.6.5 18.6.3 j' AiUjoall Jajjij Jjk jlaUla 

,Jjaf ^^^If jjjjIj 

18.10.7.4 Coupling beams reinforced with two inter- secting 
groups of diagonally placed bars symmetrical about the 
midspan shall satisfy (a), (b), and either (c) or (d), and the 
requirements of 9.9 need not be satisfied: 

^Ujoa^l (ja 4jalaJaUla A^luoall A^jJjjoll 18.10.7.4 

j j ^jljjjj ( 2)1 ^Ujoall lajjjj Jj^ ^jjyjUla ^jJajoll 

;LijaalJ 9.9 UiUHalolIj t jl 


R18.10.7 Coupling beams —Coupling beams connecting 
structural walls can provide stiffness and energy dissipation. In 
many cases, geometric limits result in coupling beams that are 
deep in relation to their clear span. Deep couphng beams may be 
controlled by shear and may be susceptible to strength and 
stiffness deterioration under earthquake loading. Test results 
(Paulay and Binney 1974; Barney et al. 19874 have shown that 
confined diagonal reinforcement provides adequate resistance in 
deep coupling beams. 

(jjaill Alj^tg ^jJjolt tillja£ll -^jJjoll tilljoHl R18.10.7 

^1 AotjiAi^l JjA^I jAji tiliVt^l Ajiliill ^Uall AaJ^J SfUji^ 
tlilj.a^l ^ ^ ^L^l LAJlJlaU Lo^ A^jof ^jJj,4 tlilja£ 

^jlLoll ^ jjAJoU ‘LSajLa ^J^ .^J tjajla Cfi' ^ *'*" ^jAjoll 

jflai ‘ Binney 1974j (Paulay jUoiVI giUj. JlJljll jjjIj iiia4 5 (!.Lji^Ij 

o' Barney et al. 19874 

,A^axll ^jJjjoil tlilj.a£ll 


Experiments show that diagonally oriented reinforcement is 
effective only if the bars are placed with a large inclina- tion. 
Therefore, diagonally reinforced coupling beams are restricted 
to beams having aspect ratio In/h < 4. The 6778 editions of this 
Code was changed to clarify that coupling beams of 
intermediate aspect ratio can be reinforced according to 18.6.3 
through 18.6.5. 

^LujiVI ^4aj ^ |j| VI Vh>3 0J% 'l^>all "'ll (2)1 't‘j'^411 

tlilJ tliljoill A^fj.ji.ail ^j.Jj,aII tliljjo^l jji^j^ tiilill .jo^ (3:1^ 

jjSlI |j* 0^ 6778 j'Aofl! (»J 1 / h <4. ^^'-ijjVI (PI o^jxll A^ 

^lijjVI f^\ (j^jxll Aajijij (j^ A^jJjjall tliljo^il AjI 

.18.6.5 18.6.3 4 lisj ^jloll 


Diagonal bars should be placed approximately symmetri- cally 
in the beam cross section, in two or more layers. The diagonally 
placed bars are intended to provide the entire shear and 
corresponding moment strength of the beam. Designs deriving 
their moment strength from combinations of diagonal and 
longitudinal bars are not covered by these provisions. 


(^joajxll ^JaLoll jiaLjla ^Loll ^UuVI ^4aj 

J.al£il (j^ill ja3jj ^1 ' (IjLa ^jjlajall ^LujjVI .J^i ji 0:4^^ 
.loluu (^1 tliLaoojjd^l ^LS^SlI tlA V .3 jj>^ ^IAoII jtjxll ^jUaj 

^LujjVI ililf jo^ (j^ l^^ajHa 


Two confinement options are described. According to 
18.10.7.4(c), each diagonal element consists of a cage of 
longitudinal and transverse reinforcement, as shown in Fig. 
R18.10.7(a). Each cage contains at least four diagonal bars and 
confines a concrete core. The requirement on side dimensions of 
the cage and its core is to provide adequate stability to the cross 
section when the bars are loaded beyond yielding. 

(> (5jlaa Jjjaift JS (jjSjj i c418.17.7.40 4 isij .j-aaJl Oijh^ i-i-aj fuj 

JSj^I ^joaja jA LoS ( (^u^jxllj ^^jlall ^oLaall (jjla 

j-aajj jaVI ^jlaa ^ji Jjh JS (JjaH.R18.17.70a4. 

j;^jj jA l^ljjj (jjlaU A^l^l JbuVI ujUaoll (2)! .lAojluj^l Sljjll 
,£^j4a^l Jxj La ^1 ^UjyiVI ^ Laljc (^jlajxll (^L^l diL^I 
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(a) Vn shall be calculated by 

The minimum dimensions and required reinforce- ment 
clearances may control the wall width. Revisions were made in 

—i Vn 4 *^ (') 

the 6778 Code to relax spacing of transverse reinforcement 
confining the diagonal bars, to clarify that confinement is 
required at the intersection of the diagonals, and to simplify 

F„ = 2A,jfyS\na < 0.83 A„. (18.10.7.4) 

design of the longitudinal and transverse reinforcement around 
the beam perimeter; beams with these new details are expected 
to perform acceptably. The expres- sions for transverse 

where a is the angle between the diagonal bars and the 
longitudinal axis of the coupling beam. 

reinforcement Ash are based on ensuring compression capacity 
of an equivalent column section is maintained after spalling 
of cover concrete. 


^ Jbui 

(b) Each group of diagonal bars shall consist of a minimum of 
four bars provided in two or more layers. The diagonal bars 
shall be embedded into the wall at least 1.65 times the 
development length for fy in tension. 

iijliLbUAll ^ 6778 

JajAu^j (jUafiVl ujIiaAll (^LaII 

4jLA.Ja Xajftj .Jji^ 

Jxj JaLiall djJfi jIjaIwiI 

JaVI ^L.ua^l Aduji ^ J^ JS cilUj 

^ (jj^ ‘ jl ^ 

fy Jjia ijM 1,65 J^Sfl ^ 

section 18.17.7.40d4 describes a second option for confinement 
of the diagonals introduced in the 6778 Code Orefer to Fig. 
R18.17.70b44. This second option is to confine the entire beam 

(c) Each group of diagonal bars shall be enclosed by recti¬ 
linear transverse reinforcement having out-to-out dimen- sions 
of at least bw/2 in the direction parallel to bw and bw/5 along 
the other sides, where bw is the web width of the couphng 
beam. The transverse reinforcement shall be in accordance with 
18.7.5.60a4 through (e), with Ash not less than the greater of (i) 
and (ii:( 

cross section instead of confining the indi- vidual diagonals. 
This option can considerably simplify field placement of hoops, 
which can otherwise be especially chal- lenging where diagonal 
bars intersect each other or enter the wall boundary. 

^ d4 18.10.7.4 ‘ it^aj 

jLill R18.10.70b44. refer 0 678 J 1^14.4 

jUaSVl ^UuVI SlJJ l^laSL aj.a^ jj4ayil\ ^laiAll ya^ fjk 

A^jaLLjLa (^) 

dl^Vt bw / 2 ^Ualll CjIj 4»ajilyttA 

ijail 4 i 4 ill bw if^ bw / 5 j bw u^\ 

‘(e) 6 ^ a418.7.5.60 4 .JajjJaII 

:(ii) j (i) 6 * 4j*ju Jii Vi ^ 

U^-aj Ajla^ ‘ “y 

ji (jaan^l Jatj ^Lall ^LuVI LaJaC UJ^ 

.jM' 

For coupling beams not used as part of the lateral-force- 
resisting system, the requirements for diagonal reinforce- ment 
may be waived. 

(i) 0.09sb^^ 

J yt 

djA^U AjaaHIj 

(jjLl2al4 qa 

f A ] f 

(ii) ^3sb -L.-\ 11. 

4 f 

\ ) J yt 

Test results (Barney et al. 1987) demonstrate that beams 
reinforced as described in 18.17.7 have adequate ductility at 
shear forces exceeding 0.83fc'bwd. Consequently, the use of a 
limit of0.83fe'Aew provides an acceptable upper limit. 

For the purpose of calculating Ag, the concrete cover in 67.6.1 
shall be assumed on all four sides of each group of diagonal 
bars. The transverse reinforcement shall have spacing measured 
parallel to the diagonal bars satisfying 18.7.5.30c4 and not 
exceeding 6 db of the smallest diag- onal bars, and shall have 
spacing of crossties or legs of hoops measured perpendicular to 
the diagonal bars not exceeding 350 mm. The transverse 
reinforcement shall continue through the intersection of the 
diagonal bars. At the intersection, it is permitted to modify the 
arrangement of the transverse reinforcement provided the 
spacing and volume ratio requirements are satisfied. Additional 
longi- tudinal and transverse reinforcement shall be distributed 
around the beam perimeter with total area in each direc- tion of 
at least 0.002bws and spacing not exceeding 300 mm. 

jX LaS CjI j.a^l ( 2)1 ‘"'J** (1987 Ls^ jW) j 4 ^VI 

.0.83fc'bwd o^' isj^ Ajks I 4 J 18.17.7 

jSjj fc'Acw 0.83 ihj falJiljil ^^jla i JLUIjj 


480 








CODE 

COMMENTARY 

67.6.1 fUasJl ^1 (Ag 

(2)1 ‘ .^LaIi Cy* ^AjjSfi 

Vj c418.7.5.30 ^Ull ^UJaill ^ O^lij 4iUw 

jl cjUJaiHI} ^ ^L..tt.4 u-i% o^6db 

350 ^ Cy* 

(^1^1 ,1jp ,^j]aill ^LjJaill ^Uj jaLju 

J&L^I Ajmu CjUUald flijluul 

^ dj.ASll i^^.4 Actual ^jlyuj 

.(« 300 jj'^ V jc-Ijjj bwsO.002 uc- cP^ V Js 


(d) Transverse reinforcement shall be provided for the 
entire beam cross section in accordance with 18.7.5.60a4 
through (e) with Ash not less than the greater of (i) and (ii:( 


J L^i,A£lj dj.A^ 

:(ii) j (i) 6® Ash A V o' (e) t^l! a418.7.5.60 


(i) 0.09.s/> A 

■' \i 


,ii,«3.*.(A.,)£ 

Longitudinal spacing of transverse reinforcement shall not 
exceed the lesser of 150 mm and 6db of the smallest diagonal 
bars. Spacing of crossties or legs of hoops both vertically and 
horizontally in the plane of the beam cross section shall not 
exceed 600 mm. Each crosstie and each hoop leg shall engage a 
longitudinal bar of equal or greater diameter. It shall be 
permitted to configure hoops as speci-fied in 18.6.4.3. 


i> 6db J (« 150 (> Jsi Jftbjll JjUli o' “il 

0. QI jl iXicV' 0^ JjJj VI .Ajjk^l Qlj.^ialt 

600 Cfi ^ JidI ^htall jjLm iji L^ij ^IjlaVI 

.j^l jl djlaA o' jLamla JS 

.18.6.4.3 J* '-*S (j'jlaV' olsSli O' 
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Note: 

For clarity, only part of the required 




(a) Confinement of indMdual diagonals 


^1 jUasSlI (i) 

.JjLallll Ja^ ija -^ Ja^ f jiaUI ;4jaa^ 


Spacing not 
exceeding smaller 


Note: 

For clarity, only part of the required 




Section B-B 

Note: Consecutive crossties engaging the same longitudinal 
bar have their 90-degree hooks on opposite sides of beam. 


fb) Full confinement of diagonally reinforced concrete beam section 


Ujhs A^duLtJ} A fiLu!falSJ! fl 


Jiad J^tj jJb jlJ^I ^ — JC18.10.7 
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18.10.8 Wall piers 


18 . 10.8 


18.10.8.1 Wall piers shall satisfy the special moment frame 
re<uirements for columns of 18.7.4 ,18.7.5, and 18.7.6, with 
joint faces taken as the top and bottom of the clear height of the 
wall pier. Alternatively, wall piers with (tw/bw) > 2.5 shall 
satisfy (a) through (f): 


4i7il8 sAaftiU jUal O' 18.10.8.1 

JAij ijc.\ SjjiU J.4 I 18.7.6 j ‘ 18.7.5‘ 

(tw/bw) > 2.5 O'j-^' 0)^ 0« .j'-M' 

:(i)j5U (a) Aiajj ujSj 


(a) Design shear force shall be calculated in accordance with 

18.7.6.1 with joint faces taken as the top and bottom of the 
clear height of the wall pier. If the general building code 
includes provisions to account for overstrength of the seismic- 
force-resisting system, the design shear force need not exceed 
Q .0 times the factored shear calculated by analysis of the 
structure for earthquake load effects. 

^ 1 J-5-7-18 iji 

jj\S |j| .jIAI ijS jl Ji\ JAij d.t.dLLdl 

ajS 3l£lj.d 

^ ^ Hi (_)<aHI LibiOai (2)' V <Lu;iAtAil 

^Ijijll d.aaJI jjjIj 0^ ^LOlHl JjA 

(b) Vn and distributed shear reinforcement shall satisfy 
18.17.4. 

(c) Transverse reinforcement shall be hoops except it shall be 
permitted to use single-leg horizontal reinforcement parallel to 
Iw where only one curtain of distributed shear reinforcement 

is provided. Single-leg horizontal rein- forcement shall have 
180-degree bends at each end that engage wall pier boundary 
longitudinal reinforcement. 

(d) Vertical spacing of transverse reinforcement shall not 
exceed 150 mmO e4 Transverse reinforcement shall extend at 
least 300 mm above and below the clear height of the waU pier, 
(f) Special boundary elements shall be provided if required by 
18.17.6.3. 


R18.10.8 Wall piers —Door and window placements in 
structural walls sometimes lead to narrow vertical wall segments 
that are considered to be wall piers. The dimensions defining 
wall piers are given in Chapter 2. Shear failures of wall piers 
have been observed in previous earthquakes. The intent of this 
section is to provide sufficient shear strength to wall piers such 
that inelastic response, if it occurs, will be primarily in flexure. 
The provisions apply to wall piers designated as part of the 
seismic-force-resisting system. Provisions for wall piers not 
designated as part of the seismic-force-resisting system are 
given in 18.14. The effect of all vertical wall segments on the 
response of the structural system, whether designated as part of 
the seismic-force- resisting system or not, should be considered 
as required by 18.2.2. Wall piers having (fw/bw) < 2.V behave 
essentially as columns. Provision 18.17.8.1 requires that such 
members satisfy reinforcement and shear strength 
requirements of 18.7.4 through 18.7.6. Alternative provisions 
are provided for wall piers having (fw/bw) > 2.5. 


(_yaill ja'jHIj ijIjjSII - j'-toJl R18.10.8 

^ .jIAl JjlSj jJJHJ <^l jl-lA 'Uuilj A.Sj4a ?1J^I u^\ 

Ci \clifarwjl .2 J'All ^ j'-^' J JhuVI ^Uacl 

jA j^All I,4^LHl JJVJll (2)' 
jillHI |j| JrlidI ijjS^ 

AjjJLall ^lAVI JjV' 

i .^.^4 .'ll jic. ^IjJaJI ^ ^LASII fUaC 

^ijll (ilj^Sfl jHb ^ jlaHl .18.14 j»daj 

4.9jUd ^ ^ ^Ij9ji i^lAVI ^UAI 4 j'4A 

(fw / bw) < j'4^' .18.2.2 uijlkHl jaAl ^ I V ji JJVjll 

fVjA (2)1 18.17.8.1 4jHI (jA .5i»clS (JSA uijAij2.V 

.18.7.6 (j^\ 18.7.4 (1>« (j^' g-Ajull diUUala (jjajAj ^lAcSlI 

(fw / bw)> 2.5.J^ (2)'j4^' 


The design shear force determined according to 18.7.6.1 may be 
unrealistically large in some cases. As an alternative, 
18.17.8.10a4 permits the design shear force to be determined 
using factored load combinations in which the earthquake effect 
has been amplified to account for system overstrength. 
Documents such as the NEHRP provisions (FE5A P749), 
ASCE/SEI 7, and the 6716 IBC represent the amplified 
earthquake effect using the factor f2o. 


.18.17.4 -i (j^' Vn (A) 6' (‘r') 

^Aull ») <-v*...I < 4JI VI (JIjiaVI (^Ajadl ^AAI (2ij% (2)1 (2) 

djljMi Iw .l&lj 

ISO ^Lyull CiIj 

J^! ^ 

jIaj (2)^ ‘ ^ 150 VI ^ (j) 

^^1^1 ^lijjVl ^ 300 CP ^ jaJl ^iLiuIl 

jl^ SjUaH 

.18.17.6.3 J-^VI uUaj IjI jA^Uadl 

18.10.8.2For wall piers at the edge of a wall, horizontal 
reinforcement shall be provided in adjacent wall segments 
above and below the wall pier and be designed to transfer the 
design shear force from the wall pier into the adjacent wall 
segments. 

AjmuIL 18.10.8.2 

Jill q\j tji^i Sjjij J^ij ij^\ SjjIa-aIi pij^i A^vi 

,djjlA.All jl^l f IJ^I (^\ jl^l (j^ ^j^l 


18.7.6.1 ^ 4j^ill dji Cxs^ 

^418.17.8.10 .^Vl^l 

dlfi'lj.41 Jljljll ^ aJx.AAll JIa^VI u^Ijj 

ASCE / ‘NEHRP (EE5A P749)' .f.UAl JjA 

.no J-l* (.lAAb jAAll Jljljll Jh IBC 6716 J ‘ SEI7 

section 18.17.8.6 addresses wall piers at the edge of a wall. 
Under in-plane shear, inclined cracks can propagate into 
segments of the wall directly above and below the wall pier. 
Unless there is sufficient reinforcement in the adjacent wall 
segments, shear failure within the adjacent wall segments can 
occur. The length of embedment of the provided reinforcement 
into the adjacent wall segments should be determined 
considering both development length requirements and shear 
strength of the wall segments (refer to Pig. R18.10.8). 
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18.10.9 Construction joints. 

18.10.9 


18.10.9.1 Construction joints in structural walls shall be 
specified according to 66.5.6, and contact surfaces shall be 
roughened consistent with condition 0b4 of Table 66.9.4.6. 

‘66.5.6 4 <‘'44' J-aljs jjJsj 18.10.9.1 

(j-4 b40 ^ 11 o' 

.66.9.4.6 


18.10.10 Discontinuous waiis 

4X0l^ j^l 18.10.10 

18.10.10.1 Columns supporting discontinuous structural walls 
shall be reinforced in accordance with.18.7.5.6 . 

3j4Lji. 4| tXicSh in ^ 18.10.10.1 

. 18.7.5.6 4 liaj 


18.11 — Speciai structurai waiis constructed using 
precast concrete 

(■Mdll ititifciiK mUII oa^l iL^18.11 - 


18.11.1 Scope 


JM'18.11.1 


18.11.1.1 This section shall apply to special structural walls 
constructed using precast concrete forming part of the seismic- 
force-resisting system. 

lAJj-ujj ^ ‘Uial^D Ijft (jjbb 18.11.1.1 

'^5^ (3^4u ^ 

18.11.2 General 

(^l^lS.ll.Z 

18.11.2.1 Special structural walls constructed using precast 
concrete shall satisfy 18.17 and. 18.5.6 . 

U ^nnil ^ (2)1 ‘t‘^18.11.2.1 

.18.5.6 J 18.17 -i 


18.11.2.2 Special structural walls constructed using precast 
concrete and unbonded post-tensioning tendons and not 
satisfying the requirements of 18.11.2.1 are permitted provided 
they satisfy the requirements of ACI ITG-5.1. 

AAJMM -t ..I J pLwulj ^^AUj18.H.2.3 

18.11.2.1 tliUllalA ^jluu Vj Jaj U 

ACI ITG-S.l.*;^^’ o' ^iyj4. 


COMMENTARY 

JilJ j'-^' j Oij'4^ 18.17.8.6 

J (j^\ ‘'4j'-4l j41ii o' 

o' 0^ jj'^-4' j'-^' ^'j^' lilUA 0% .> j4iU4 j'-^' 

O'J^' 

Jjla tIlUilala 3l£lj.a ^ 3jjL&.4l j'J^' ^'j^' ^ 

.(18.10.8 j) j'^^' Cjlfliail 


Direction of 
earthquake forces 


Direction of 
earthquake forces 




Fig RI8.I0.S—Required horizontal reinforcement in wall 
.Kegments above and below wall piers at the edge of a wall. 


jjlSj liajj (jjS j'JaJl ^ Ijjlkill j4-i4l R18.10.8 ij^' 

R18.11—Speciai structurai waiis constructed using 
precast concrete 

.Mdll iki*irt< iyU^I (sIJi^mU mUII gdAll t^lj^ - R18.il 


R18.11.2 General 


R18.11.2 


R18.11.2.2 Experimental and analytical studies (Priestley et al 
1999; Pere& et al. 2003; Restrepo 2002) have demon- strated 
that some types of precast structural walls post- tensioned with 
unbonded tendons, and not satisfying the prescriptive 
requirements of Chapter 18, provide satisfactory seismic 
performance characteristics. ACI ITG-5.1 defines a protocol for 
establishing a design procedure, vahdated by analysis and 
laboratory tests, for such walls, with or without coupling beams. 


(Priestley et al. i:jLjilj41 cja-iaji R18.11.2.2 

Li'j-^ ifaxi ^ 2)1 Restrepo 2002) f Pere & et al. 2003 <1999 

‘-■I ‘'ij ‘ ‘' 4 aj|jla hii 9JJA4 

ACI ?'jSf' (jAiUa^ jijj i 18 ^ 

J41a41 jjA A4ft i-ijmn'i'l f.\ ‘lijSjjjjjIXG-5.1 

Cjlj. 4 ^ tjjli ji ^ ^^4! 4 ^ 4 . 411.41 


ACI ITG-5.6 defines design re<uirements for one type of special 
structural wall constructed using precast concrete and unbonded 
post-tensioning tendons, and validated for use in accordance 
with 18.11.2.2. 

‘Udl&fl (2)'J-^ Cy' -^'j £.j4 ACI-ITG-5.6 

4.i44ill .i4Il ^ <^4i' 

.18.11.2.2 '-4 lisj ^I44 ji^ l^.4:k!iLa ijA 
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18.12 — Diaphragms and trusses 

UUi;il 4^;ill218.12 - 

18.12.1 Scope 

JM118.12.1 

R18.12—Diaphragms and trusses 

4Mtfi;il -R12.12 

R18.12.1 Scope—Diaphragms as used in building construction 

18.12.1.1 This section shall apply to diaphragms and collectors 
forming part of the seismic-force-resisting system in structures 
assigned to SDC D, E, or F. 

are structural elements Osuch as a floor or roof4 that provide 
some or all of the following functions: 

jd.dUc fUj ^ i ......U - Jt^-a R18.12.1 

F.ji E ji SDC D -1 JjVjIi qa 

ji (jdsxj 4 ‘ “ ‘ 

(a)Support for building elements (such as walls, parti- tions, and 
cladding) resisting horizontal forces but not acting as part of the 

18.12.1.2 Section 18.12.11 shall apply to structural trusses 
forming part of the seismic-force-resisting system in struc¬ 
tures assigned to SDC D, E, or F. 

seismic-force-resisting system 

ja^UC' 

QA (3«aj V 

1(1 Ji4u (^1 cjLijLiaJI ijk. 18.12.11 ■1^' (j4>iil8.12.1.2 

F.ji E ji SDC D u^\ Cijliall - JJVjll Cijlia j>Uii 

(b) Transfer of lateral forces from the point of applica- tion to the 
vertical elements of the seismic-force-resisting system 

j.A^Uidl 4jaij ^ya 

Sjill 

(c) Connection of various components of the vertical seismic- 
force-resisting system with appropriate strength, stiffness, and 
ductility so the building responds as intended in the design 
(Wyllie 1987). 

^ AjAjjjjil ^jlLa ..tt CjU^^LaII Jajj (^) 

^ ^U .'ll ‘ i<UuLlall 1 ‘ "j 

(WyUie 1987).j*^4-a:ih 

18.12.2 Design forces 

R18.12.2 Design forces 

18.12.2.1 The earthquake design forces for diaphragms shall 
be obtained from the general building code using the applicable 
provisions and load combinations. 

R18.12.2.1 In the general building code, earthquake design 
forces for floor and roof diaphragms typically are not calculated 
directly during the lateral-force analysis that provides story 

.JLa^VI AIJoaII 

forces and story shears. Instead, diaphragm design forces at each 
level are calculated by a formula that amplifies the story forces 
recognic&ing dynamic effects and includes minimum and 
maximum limits. These forces are used with the governing load 
combinations to design diaphragms for shear and moment. 

Aj*ieSll JJVjll jjfi c-ujiaj Vi jjS R18.12.2.1 

jSjj <U^jVI 

ijlC’ cijiuj j£ 

U^IjJ 
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For collector elements, the general building code in the United 
States specifies load combinations that amplify earthquake 
forces by a factor Q.o. The forces amplified by fio are also used 
for the local diaphragm shear forces resulting from the transfer 
of collector forces, and for local diaphragm flexural moments 
resulting from any eccentricity of collector forces. The specific 
requirements for earth- quake design forces for diaphragms and 
collectors depend on which edition of the general building code 
is used. The requirements may also vary according to the SDC. 

»<■^*.''1 CjbVjh j.>idUxl 4 -uju11j 

A^UII £1o Cy* ^ 

Xuaj .^AA.all j\ A^Ull -'t ‘ 

» < w M diUlialall 

S£)U ^ Uiaji diUUalAll ‘ 

For most concrete buildings subjected to inelastic earth- quake 
demands, it is desirable to limit inelastic behavior of floor and 
roof diaphragms under the imposed earth- quake forces and 
deformations. It is preferable for inelastic behavior to occur only 
in the intended locations of the vertical seismic-force-resisting 
system that are detailed for ductile response, such as in beam 
plastic hinges of special moment frames, or in flexural plastic 
hinges at the base of structural walls or in coupling beams. For 
buildings without long diaphragm spans between lateral-force- 
resisting elements, elastic diaphragm behavior is typically not 
diffi- cult to achieve. For buildings where diaphragms could 
reach their flexural or shear strength before yielding occurs in 
the vertical seismic-force-resisting system, designers should 
consider providing increased diaphragm strength. 

(jA iljbllalA] AxJal^l 4j.in\lj 

(Jla ^ A ..Uj <UJajSb ijjA j^l liljlull fja ujCjaII 

JaiS iiljliAil Cy* CjlAjdnllj 

A jl ..SO ^ ^ 

fjk ji .<1 tliljUab Jl.g 

^ ji OU'^ aJCli •ijS' ^UaJi i-N.^a.. 

AA4ji&bU V 4^1 ^IaaU 4j.in\b 

^b ft ll A^Ajuib Jjll pb^l djih 

^jAaa^l jl jAdj (2)1 

dJbj (_^ jjSa*))) ^jaa.^saU 

,Aja^V 1 
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18.12.3 Seismic ioad path 

18.12.3.1 All diaphragms and their connections shall be 
designed and detailed to provide for transfer of forces to 
collector elements and to the vertical elements of the seismic- 
force-resisting system. 

18.12.3.2 Elements of a structural diaphragm system that are 
subjected primarily to axial forces and used to transfer 
diaphragm shear or flexural forces around openings or other 
discontinuities shall satisfy the requirements for collectors in 
18.12.7.5 and 18.12.7.6. 

filiall ^ (iLiill f>Uaj iJ^18.12.3.2 

^ diUlialu dilfUailVI (y> CjLaJlill 

.18.12.7.6 j 18.12.7.5 


COMMENTARY 


R18.12.3 Seismic ioad path 

J^l jU»R.12.12.3 


R18.12.3.2 This provision applies to strut-like elements that 
occur around openings, diaphragm edges, or other 
discontinuities in diaphragms. Figure R18.12.3.2 shows an 
example. Such elements can be subjected to earthquake axial 
forces in combination with bending and shear from earthquake 
or gravity loads. 

5^1^jh IjA (jjbn R18.12.3.2 

CjlfUallVI jjA ji ji '•''l-v'a't 

jj.aUjLll sJA (Ji« (jijjLu (2)1 (j^ R.12.12.3.2 

jll JLa^Sfl ji JJVjll (ja (j^illj ^UaJVI ^ JJVJH Ajjj'sn'l (JjiU 



Fig. R18.12.3.2-Example of diaphragm subject to the 
requirements of 18.12.3.2 and showing an element having 
confinement as required by 18.12.7.5. 

a- 18.12.3.2 ij^\ Jli*. R.12.12.3.2-(JS^I 

.18.12.7.5 J* ^ Al Juajc- jl4Jal 
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18.12.4 Cast-in-place composite topping siab diaphragms 

^.>11 <^<>cil8.12.4 

R18.12.4 Cast-in-place composite topping siab diaphragms 
£j^l j M^^l ^,>11 4b)UJI R18.12.4 

18.12.4.1 A cast-in-place composite topping slab on a 
precast floor or roof shall be permitted as a structural 
diaphragm, provided the cast-in-place topping slab is rein¬ 
forced and the surface of the previously hardened concrete on 
which the topping slab is placed is clean, free of laitance ,and 
intentionally roughened. 

R18.12.4.1 A bonded topping slab is required so that the floor 
or roof system can provide restraint against slab buckling. 
Reinforcement is required to ensure the continuity of the shear 
transfer across precast joints. The connection requirements are 
introduced to promote a complete system with necessary shear 
transfers. 

ji Aj^ji La ^ ^*^^18.12.4.1 

^ djA^I ^ 4JajjA^ i pLwixS 

^ i Aia^ ^Lyuj^l 

.liAft ‘laitance 

j»Uaj jfljj Aj^ ^jL R18.12.4.1 

.AJa^lJl j) 

JL^VI CiLlIala ^ 

^ J.«l£ 

18.12.5 Cast-in-place noncomposite topping slab 
diaphragms 

<y^i^| <yS>» 4^il8.12.5 

R18.12.5 Cast-in-place noncomposite topping slab 
diaphragms 

{j^l ij iy^Mall >^l <u^iaJI R18.12.5 

18.12.5.1 A cast-in-place noncomposite topping on a 
precast floor or roof shall be permitted as a structural 
diaphragm, provided the cast-in-place topping slab acting alone 
is designed and detailed to resist the design earthquake forces 

R18.12.5.1 Composite action between the topping slab and the 
precast floor elements is not required, provided that the topping 
slab is designed to resist the design earthquake forces. 

^ A^^l ‘ <.5^%^ A^XyiM 

^ ^^.>1 A LtJjiiAJ (3.49U 

Aja^jVi V R18.12.5.1 

18.12.6 Minimum thickness of diaphragms 

J«il8.12.6 

R18.12.6 Minimum thickness of diaphragms 

4^^ Jti R18.12.6 

18.12.6.1 Concrete slabs and composite topping slabs serving 
as diaphragms used to transmit earthquake forces shall be at 
least 50 mm thick. Topping slabs placed over precast floor or 
roof elements, acting as diaphragms and not relying on 
composite action with the precast elements to resist the design 
earthquake forces, shall be at least 25 mm thick. 

R18.12.6.1 The minimum thickness of concrete diaphragms 
reflects current practice in 9oist and waffle systems and 
composite topping slabs on precast floor and roof systems. 
Thicker slabs are required if the topping slab is not designed to 
act compositely with the precast system to resist the design 
earthquake forces. 

^Lyuj^l j ^Lyuj^l 4^18.12.6.1 

(jja AJfliL 50 Aj.4^1s 

l/uau Vj —fLwjL£ JiASu (ciluJl jl ^.<^1 

Vi A^jmm j.^UC' ^ 

25 

4_uujLm1I i^^aLul R18.12.6.1 

CjLLuajSfl j-all waffle JOlSt 9 ^LaIuI ^ 

Jjf Mn\l ^ ^ |jj AljAwd 

18.12.7 Reinforcement 

J.I...7II1Q n -7 

R18.12.7 Reinforcement 

e.»UillR18.12.7 

18.12.7.1 The minimum reinforcement ratio for diaphragms 
shall be in conformance with 64.4. Except for post-tensioned 
slabs, reinforcement spacing each way in floor or roof systems 
shall not exceed 450 mm. 

^ ija ‘■'?jl8.12.7.1 

fja JS ^ tliliLuu JjIaJu Vi ^ ^5411 ^Lulub ,64.4 

450 cikuVI ji jVl 'bdui 

Where welded wire reinforceent is used as the distributed 
reinforcement to resist shear in topping slabs placed over 
precast floor and roof elements, the wires parallel to the joints 
between the precast elements shall be spaced not less than 650 
mm on center. Reinforcement provided for shear strength shall 
be continuous and shall be distributed uniformly across the 
shear plane. 

R18.12.7.1 Minimum reinforcement ratios for diaphragms 
correspond to the required amount of temperature and 
shrinkage reinforcement (refer to 24.4). The maximum 
spacing for reinforcement is intended to control the width of 
inclined cracks. Minimum average prestress requirements (refer 
to 24.4.4.1) are considered to be adequate to limit the crack 
widths in post-tensioned floor systems; therefore, the maximum 
spacing requirements do not apply to these systems. 

^jj ^4. .1* ^ Aij.a.th JjUj <Lu^ 5U uuj Jii R18.12.7.1 

jC ^ .icbj .(24.4 j) i jl 

t-.14I.i-.. ,^Ldl 

iiiliji ‘UbajVl ‘btlaji ijk ■-'!»»■ "I'l O'* (24.4.4.1 

,4.4luVl ■-'! 4b-.. jjb" V 
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^ iil^LyuSfl ^AyuJ ^l^^lyul AIC- 

uj^ ,t j^Ufrj «_x^l Aj.>iajSfl Liji.<^l 

V ^Luiaj dJfrUla ^Lbu j.>^Uxll J.«^LL4lI iiI^L.uSfl (JJ^ 

^jLaII ^^LhiuII ^ ^ 650 u^ c3^ 

dJAAbUiA 

18.12.7.2 Bonded tendons used as reinforcement to resist 
collector forces, diaphragm shear, or flexural tension shall be 
designed such that the stress due to design earthquake forces 
does not exceed 420 MPa. Precompression from unbonded 
tendons shall be permitted to resist diaphragm design forces if a 
seismic load path is provided. 

^jI^aI ^.i^14aaI1 aJs^jaII lAll iJj!)Ll£ *j ^^18.12.7.2 

^Ull JaLiill jjL&jj V jI ^UjjUI jl 

(jA ^^^jauaI} JasiAAlj ^Awu ,Jl^4.ulj 420 ^ 

jLuu ^ Aja^jM j^l 


18.12.7.3 All reinforcement used to resist collector forces, 
diaphragm shear, or flexural tension shall be developed or 
spliced for fy in tension. 

ji 1 ijj£ ^jHol A A <4*. .,..'1 (2)^ 't‘^18.12.7.3 

,1.^1 ^ fy j\ i ji i 

18.12.7.4 Type 2 splices are required where mechanical splices 
are used to transfer forces between the diaphragm and the 
vertical elements of the seismic-force-resisting system. 

j» A' .i n yjJl tjSUSfl 2 u-> JIajI j»J!jl8.12.7.4 

. JJV jll 5-ajLia 

18.12.7.5 Collector elements with compressive stresses 
exceeding 0.2fc' at any section shall have transverse rein¬ 
forcement satisfying 18.7.5.(a) through (e) and 18.7.5.3, except 
the spacing limit of 18.7.5.3(a) shall be one-third of the least 
dimension of the collector. The amount of transverse 
reinforcement shall be in accordance with Table 18.16.7.5. The 
specified transverse reinforcement is permitted to be 
discontinued at a section where the calculated compressive 
stress is less than 0.15fc'. If design forces have been amplified 
to account for the overstrength of the vertical elements of the 
seismic-force- resisting system, the limit of 0.2fc' shall be 
increased to 0.5fc', and the limit of 0.15fc' shall be increased to 
0.4fc'. 

(jC JjJj tlilj At n't (j,$^18.12.7.5 

-5 (■*) ' ).18.7.5 ' .u^T i n tiljjljil jVJiS 0.2fc' 

JaSn Jiull aj% ‘,^(3)18.7.5.3 jjja. Ijc U . 18.7.5.3 
‘ 18.16.7.5 (2)^ ‘ 

UU ,>ityi laxJa <Li3 ^ ,.*Up 

uLui^ .jA.y.'Ul tliljS . A.>i* ^ ^A\0.15fc' . ‘.*J‘ 

i^\0.2fc' <Luijil jj.dUiLh ijji 

0.4fc' O.lSfc' -1^1 ‘0.5/c' 


COMMENTARY 

The minimum spacing requirement for welded wire rein¬ 
forcement in topping slabs on precast floor systems is to avoid 
fracture of the distributed reinforcement during an earthquake. 
Cracks in the topping slab open immediately above the 
boundary between the flanges of adjacent precast members, and 
the wires crossing those cracks are restrained by the transverse 
wires (Wood et al. 6000). Therefore, all the deformation 
associated with cracking should be accommodated in a distance 
not greater than the spacing of the trans- verse wires. A 
minimum spacing of 650 mm for the transverse wires is required 
to reduce the likelihood of fracture of the wires crossing the 
critical cracks during a design earth- quake. The minimum 
spacing requirements do not apply to diaphragms reinforced 
with individual bars, because strains are distributed over a 
longer length. 

^ A tliUllala ijA .laJI (2)! 

,.*'1 ‘‘ItliLiJajSh 4..4IUI ijlC’ 

^ .■'ilaa.t* .JljlJll ^Uji 

aJA libLjiShj u.dil A .. j^UxU Ukll 

ai% O' (Wood et al. 6000) liliLuiSH.; 5Jjk« jjiOll 

(ibLjiSh JjJj V ijlC’ liUau (jti n'lL la^j.all 

^ AjOajxil lifiluSh ^ ^ 650 ^4^ u^\ lilUA 

JIJlJ ^UjI ^ libLjiSh ^ OiJ.^ JLala^l 

^4^4 ^ Ajuii&\ ^jic, ^jSh Jc4^' cj4^^^ j;'**" V 

.JjjJall Jjkll ijlC’ tliVUilVl 

R18.12.7.3 Bar development and lap splices are designed 
according to requirements of Chapter 25 for reinforcement in 
tension. Reductions in development or splice length for 
calculated stresses less than fy are not permitted, as indicated in 
25.4.10.2. 

'"'Ilisj -•''' ^ R18.12.7.3 

jl Cujlall Jjla fji ■■'ll 1 V ^ 25 

.25.4.10.2 ‘fy 0^ 4j‘ 


R18.12.7.5 In documents such as the NEHRP Provi- sions 
(FE5A P750), ASCE/SEl 7, the 2012 IBC, and the Uniform 
Building Code (ICBO 1997), collector elements of diaphragms 
are designed for forces amplified by a factor Q.o to account for 
the overstrength in the vertical elements of the seismic-force- 
resisting systems. The amplification factor Qa ranges between 2 
and 3 for most concrete struc- tures, depending on the document 
selected and on the type of seismic-force-resisting system. In 
some documents, the factor can be calculated based on the 
maximum forces that can be developed by the elements of the 
vertical seismic- force-resisting system. 

j NHRP Proviations (FEMA P750) J R18.12.7.5 

^ ‘ (ICBO 1997) (.lull jjSj IBC 2012 jASCE / SEI 7 

.IujI^aII J^l Qa (JuUuj ^A^ull -j 

d.alx.4 ^jljjjJ .^l^jll d^^l A ..U*9 Auuj'^' J<*^llxll ^ d^ljll 

djU^ull .lAu^l IjLu&I 3j 2 On ^uAulaUll 

d.aljL4ll tul * 11^ .^4^1 (jlaiu ^ ,^ljl^l d^^l 

^jlLa jAoijC’ 4j3uiljj Iftjjjlaj ^Iuj 

,Ajuji^l 44131 jll 


489 









CODE 

Table 18.12.7.5 —Transverse reinforcement for collector 
elements 

iiiU nil j^Uid jxll 111') -18.12.7.5 


Table 18.12.7.5 —Transverse reinforcement for 
collector elements 


Transverse 

reinforcement 

Applicable expressions 


Ash^sbc for rectilinear 
hoop 

0.09^ 

(a) 

p, for spiral or 
circular hoop 

Greater 

of: 

1 A» jfy, 

(b) 

0.12-^ 

fyt 

(c) 


COMMENTARY 

Compressive stress calculated for the factored forces on a 
linearly elastic model based on gross section of the structural 
diaphragm is used as an index value to determine whether 
confining reinforcement is required. A calculated compressive 
stress of 0.2fc', or 0.5fc' for forces amplified by flo, is assumed 
to indicate that integrity of the entire structure depends on the 
ability of that member to resist substantial compressive force 
under severe cyclic loading. Transverse reinforcement is 
required at such locations to provide confinement for the 
concrete and the reinforcement. 

Ula^ ‘.'J ''***.1 '.y*.Ill ^ 

|j| La ^.1^ Ja^j>a ^ -jaS ^Li^V) ^kLal) Ijljlul 

O.Sfc' j' 0.2fc' ^ i-ijaj.'XAl) faiJal) (2)1 .'i 

Xajxj 1 Mi'a'I J.al£j (2)1 (j^\ ^ 12o ^4 a-Liba'I (^J^ 

(^jj.^1 (JjAaJall 3 ja1uia1| iaLual\ SjS SjS ^IC’ " lillj 

^lj.al) aJA (Jla (^ ^JL ,jI^) 

. ..'))) 


18.12.7.6 Longitudinal reinforcement detailing for collector 
elements at splices and anchorage zones shall satisfy (a) or (b): 

Cjli a') jj.dLjid (2)) 18.12.7.6 

LaJ ji i-ila W a*))) 


(a) Center-to-center spacing of at least three longitudinal bar 
diameters, but not less than 40 mm, and concrete clear cover of 
at least two and one-half longitudinal bar diameters, but not less 
than 50 mm 


R18.12.7.6 This section is intended to reduce the possibility of 
bar buckling and provide adequate bar development conditions 
in the vicinity of splices and anchorage zones. 


^LLal (2 ia (JaI^ u^l 18 18.12.7.6 

(Jj^jaII (jialuA (2 )A ujA 


(2)lAJa3 jliafii (2)^ (3^ V '..a' j£jaI) ^) j^jaI) (2jjj ^IaaaI) 

J^)j j jUaS) (2)^) (2)ft (JSj V (^Lujji ^Llaftj 40 6* 'if 

50 U® lA “if U^J I_iuajj 


(b) Area of transverse reinforcement, providing Av at least the 
greater of and 0.35*..?/^. ^ except as required in 

18.16.7.5 


JaSI'I Av 

18.16.7.5 (J > I-* ‘ and 0.35*,..v//^. 
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18.12.8 Flexural strength 

R18.12.8 Flexural strength 

18.12.8.1 Diaphragms and portions of diaphragms shall be 
designed for flexure in accordance with Chapter 12. The effects 
of openings shall be considered. 

R18.12.8 

R18.12.8.1 Flexural strength for diaphragms is calculated using 
the same assumptions as for walls, columns, or beams. The 

jU^^SI 6^ 18.12.8 

design of diaphragms for flexure and other actions uses the 
applicable load combinations of 5.3.1 to consider earth- quake 

^ 18.12.8.1 
jIj] jUj&VIj .12 

forces acting concurrently with gravity or other loads. The 
influence of slab openings on flexural and shear strength is to 
be considered, including evaluating the potential critical sections 
created by the openings. Strut-and-tie models are potentially 
useful for designing diaphragms with openings. Earlier design 
practice assumed design moments for diaphragms were resisted 
entirely by chord forces actingat opposite edges of the 
diaphragm. This idealization was implicit in earlier versions of 
the Code, but has been replaced by an approach in which all 
longitudinal reinforcement, within the hmits of 18.12.7, is 
assumed to contribute to the flexural strength of the diaphragm. 
This change reduces the required area of longitudinal 
reinforcement concentrated near the edge of the diaphragm, but 
should not be interpreted as a requirement to eliminate aU 
boundary reinforcement. 

18.12.9 Shear strength 

gdAil 18.12.9 

18.12.9.1Vn of diaphragms shall not exceed: 

Vn V 6' ‘t*^18.12.9.1 

ji jLi A^yj&bU fU^Vl ^ 

AjJifrVl jl dAAfrSfl 

^ 5.3.1 AijJaAll jLa^Vl JJ 

fjlC' ^ JLa^VI j\ A^ijll JLa^VI 

filij ^ Loj djfij fU^Vl 

^.>..11 CxS^ 0^ ^ 

^3;uiaj (JA ^LyU Cjfij ^ .(Jjl&lill CjIJ A^Lyj&Sfl 

ciljial iJa ^ J.4AJ c3^J^ 0^ AjU^bU A-a^jILaII 

^ ^Lyull l**.^*^* (j)S jLoIl IIa .pUiaJi 

^18.12.7 A^ All^jlyul 

^LyUAll (JA Jlij J;U^1 fU^Vl ^jll« (jk ^LyUJ 

V o^J 4^U^V1 ^ ^;Ayiull 

JljulyuV 

V=A„{0Alx4f; + P,f,] (18.12.9.1) 

R18.12.9 Shear strength— The shear strength requirements for 
diaphragms are similar to those for slender structural walls and 
are based on the shear provisions for beams. The term Acv 

For cast-in-place topping slab diaphragms on precast floor 
or roof members, 

Ajjlall Ala^Ull ^>.1) 

refers to the gross area of the diaphragm, but may not 
exceed the thickness times the width of the diaphragm. This 
corresponds to the gross area of the effective deep beam that 
forms the diaphragm. Distributed slab reinforcement pt used to 
calculate shear strength of a diaphragm in Eq. (18.12.9.1) is 

Acv shall be calculated using only the thickness of topping 
slab for noncomposite topping slab diaphragms and the 
combined thickness of cast-in-place and precast elements for 
composite topping slab diaphragms. 

positioned perpendicular to the diaphragm flexural 
reinforcement. Provision 18.16.9.6 limits the maximum shear 
strength of the diaphragm. 

iilAuJlj (--^>4 iais Acv uLyu^ ^ i 

.A.^j.all A^jlftil 

^La. 4 AjA^bU R18.12.9 

Cdlj.4 dJfr ^lAyull JjIajJ V ^ U^J filyAli A^J^I ^LyilAll 

Aijuadl djA^ ^LyuAll ^ .fL^l (j^j& 

For composite topping slab diaphragms, the value of fc' used to 
calculate Vn shall not exceed the lesser of fc' for the precast 
members and fc' for the topping slab. 

uLyu^i ^.lAlyiyall p|; AJs^LJI ^ 

^ulyuj (J^jaC- l^JLuaj ^ (18.12.9.1) (jk 

(_gk 18.16.9.6 

.ftwAil 

fc A«a^ jjL^ Vi iA^j.aII A^Jall CilJ Aj^^IaII A^yifrSi' Aj> in\lj 

AJa^l^ fc j A^fyuAll pLJaC-bU fc A.a^ JaI Yll ^ 
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18.12.9.2 Vn of diaphragms shall not exceed 0.22 Acv fc.' 

.'0.22 Acv fc “if' Cja Vn 18.12.9.2 

18.12.9.3 Above joints between precast elements in 
noncomposite and composite cast-in-place topping slab 
diaphragms, Vn shall not exceed: 

^ j.>h j j.ah ^ j.t.dU&h 18.12.9.3 

iVn Vi 

V„ = A,,ffyyi 

where Avf is the total area of shear friction reinforcement 
within the topping slab, including both distributed and 
boundary reinforcement, that is oriented perpendicular to 9oints 
in the precast system and coefficient of friction, J., is l.OA, 
where A is given in 19.6.4. At least one-half of Avf shall be 
uniformly distributed along the length of the poten- tial shear 
plane. The area of distributed reinforcement in the topping slab 
shall satisfy 64.4.3.6 in each direction. 

I.U ^Uji.ah ^ Avf 

^ ialij 9 IjJjJiC. fu liUj ^ 

^ A ^ ‘ l.OA ‘.J 

Jjla I® jj-i JaSh ijc- Avf ‘-“-“j 6 j% o' .19.6.4 

^ ..tt 

.»l^l Js 64.4.3.6 1^4^' 


18.12.9.4 Above Joints between precast elements in 
noncomposite and composite cast-in-place topping slab 
diaphragms, Vn shall not exceed the limits in 66.9.4.4, where 
Ac is calculated using only the thickness of the topping slab. 

^ ftj. .lA (3^ 18.12.9.4 

Vn Aja^VI AjatiUU 

.la^ Ukil liLaAAi ,,\ < AC ‘66.9.4.4 

18.12.10 Construction joints 

jUu^SI Jafil^ 18.12.10 


18.12.10.1 Construction joints in diaphragms shall be specified 
according to 22.5.2, and contact surfaces shall be roughened 
consistent with condition (b) of Table 22.9.4.2. 

‘22.5.2 iJ Jj'j 3* 1^3 M*Sll (iLyi ti-aljS JJaj 18.12.10.1 

JjA^I Qa JajAlII ^ 1 A.AJA45tAll ..‘^t 

.22.9.4.2 


COMMENTARY 

In addition to satisfying 18.12.9.1 and 18.12.9.2, cast-in- place 
topping slab diaphragms must also satisfy 18.12.9.3 and 
18.16.9.4. Cast-in-place topping slabs on a precast floor or roof 
system tend to have shrinkage cracks that are aligned with the 
joints between adjacent precast members. Therefore, the 
additional shear strength requirements for topping slab 
diaphragms in 18.12.9.3 are based on a shear friction model 
(Wood et al. 2000), and the assumed crack plane corresponds to 
joints in the precast system along the direction of the applied 
shear, as shown in Fig. R22.9.4.3. The coefficient of friction, p., 
in the shear friction model is taken equal to 1.0 for 
normalweight concrete due to the presence of these shrinkage 
cracks. 

AiisUl 42)1 ‘18.12.9.2 3 18.12.9.1 ^LAiyu 

‘iUaiui .18.16.9.4 3 18.12.9.3 1^' 423 -^' ^ 3 jaax »11 

A^aaau ^lIsaaiVI jI A^^jVI ^3a 11 Ajjj.nn') Ajjkil 
AIaaau OdJ 3 '^~^' 3^^14x11 ^ 2 ):U ^ aTi 

^ A^jkil AiatiUll Aja^SI A^Ltayi (JaS^I ^jlLa cjUlkla iiiUjlj 

t 53 lAAiA>j ‘(Wood et al. 2000) u^- jj 3 AU Ja jau*j 18.12.9.3 

J3la uiAdll 3fAAi.a ^ jA^Lioll JjUj 

^ 1 ^, 3.91x4 Axi ^ R.9.9.4.3. ^ 9433.9 jk LaS 

aAA A 3 X 3 UJ 3 I' ‘4‘lj ^Laaij^ 1,0 jiAXaj ( 3^2 - dlSaxI ^^349 

,AxaaiL4£jV1 ^33^44' 

Both distributed and boundary reinforcement in the topping slab 
may be considered as shear friction reinforce- ment Avf. 
Boundary reinforcement within the diaphragm was called chord 
reinforcement in ACI 318 before 2008. Although the boundary 
reinforcement also resists forces due to moment and axial force 
in the diaphragm, the reduction in the shear friction resistance in 
the tension zone is offset by the increase in shear friction 
resistance in the compression zone. Therefore, the area of 
boundary reinforcement used to resist shear friction need not be 
added to the area of boundary reinforcement used to resist 
moment and axial force. The distributed topping slab 
reinforcement must contribute at least one-half of the nominal 
shear strength. It is assumed that connections between the 
precast elements do not contribute to the shear strength of the 
topping slab diaphragm. 

Provision 18.12.9.4 limits the maximum shear that may be 
transmitted by shear friction within a topping slab diaphragm. 

^1x94 A^j^Ixll AJa5t^l ^AjAxllj ^J3.4ll ^^AaajjII ^ 

ACI 3^1^' ^3“''* ^Ia^i 3^b jjAxh ^3'.u^~ liiLsixtiU 

33^1 Litaji ^ 3 !^ ^AjAxil ^ 3 ‘ o'l 6 - .2008 3^4318 

O'A 

^LJal V (iillll 

djiilj ^ 4^L4.iM 

(j-4 JfiVI ^LyuJ 

V jA^UxIl (JA 

18.12.9.4 (jk 
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18.12.11 Structural trusses 

18.12.11 

18.12.11.1 Structural truss elements with compressive stresses 

exceeding 0.2fc' at any section shall have transverse 

reinforcement, in accordance with 18.7.5.2, 18.7.5.3, 18.7.5.7, 
and Table 18.12.11.1, over the length of the element. 

CiA 0^ 18.12.11.1 

J I fjjJa jC ^ala ^ 0.2fc’ Cfi' ^LJaUJalVI 

^ 18.12.11.1 jWij ‘ 18.7.5.7 ‘ 18.7.5.3 ‘ 18.7.5.2 

Table 18.12.11.1—Transverse reinforcement for structural 
trusses 

. 18.12.11.1 Jj-iaJl 


Table 18.12.11.1—Transverse reinforcement for 
structural trusses 


Transverse 

reinforcement 

Applicable expressions 


Asfjsbe for rectilinear 
hoop 

Greater of: 

l4* J/„ 

(a) 

0.094^- 

h 

(b) 

pj for .spiral or 
circular hoop 

Greater ot: 

0.45[^-l]4i- 

Ia* J/„ 

(c) 

0.12^ 

L 

(d) 


18.12.11.2 All continuous reinforcement in structural truss 
elements shall be developed or sphced for fy in tension. 

^ 3j.4lul.all JudllLlI ^4.4^ ,.1 18.12.11.2 

joaalll A^Luiiyi 

18.13—Foundations 

(iiUUill cl8.13 

18.13.1 Scope 

JM' 18.13.1 

18.13.1.1 This section shall apply to foundations resisting 
earthquake-induced forces or transferring earthquake- induced 
forces between structure and ground in structures assigned to 
SDC D, E, or F. 

JaIj ji iJjLulLulVI (jlc jJauSll IJA 18.13.1.1 

SDC (jl! Caunioll ^ (jlaJi\j JJVjll.J Ajaluioll (jjSll 

.F ji E ji D 

18.13.1.2 The provisions in this section for piles, drilled piers, 
caissons, and slabs-on-ground shall supplement other 
applicable Code design and construction criteria, including 
1.4.5 and 1.4.6. 

J ojSj (2)1 18.13.1.2 

JfrIjS ^Ujj -'''' AXoia jj' J 

.1.4.6j 1.4.5 i41j ^ Loj iLjj J>a*ui tSjXi 


COMMENTARY 

R18.12.11 Structural trusses 

iuUj;il laLijlai^l R.12.12.11 

R18.12.11.1 The expressions for transverse reinforcement Ash 
are based on ensuring compression capacity of an equivalent 
column section is maintained after spalling of cover concrete. 

lakuil) 3jJ£ ^LoJa Ash Cj|jo^ Alluu R18.12.il.1 

.^LuijXll Jjoafl ^JaLol 


R18.13—Foundations 

ALiUill R18.13- 

R18.13.1 Scope—Requirements for foundations supporting 
buildings assigned to SDC D, E, or F represent a consensus of a 
minimum level of good practice in designing and detailing 
concrete foundations including piles, drilled piers, and caissons. 
It is desirable that inelastic response in strong ground motion 
occurs above the foundations, as repairs to foundations can be 
extremely difficult and expensive. 

CjLjiLuSltj ^ .^lA'l tliUUaloll Jioj -Jl.^ R13.13.1 
^ jjjujtA Jai F ji E ji D jiSDC 

3jjl^-4ll jjlXjilj iillj ^ Loj AojLujXll iljLaLuSh 

Ajjfi ^j^ ^ ^J4 jA uj&joll ijA *j. ‘jSttj 

,^UL11 AllXaj tliLuLuSh itliLuLuSh 
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18.13.2 Footings, foundation mats, and piie caps 

(aUUiSlj 18.13.2 

18.13.2.1 Longitudinal reinforcement of columns and structural 
walls resisting forces induced by earthquake effects shall 
extend into the footing, mat, or pile cap, and shall be fully 
developed for tension at the interface. 

in') l-2-13~18 

^ .1,^11 d.4l£ t 


18.13.2.2 Columns designed assuming fixed-end conditions at 
the foundation shall comply with 18.13.2.1 and, if hooks are 
required, longitudinal reinforcement resisting flexure shall have 
90-degree hooks near the bottom of the foundation with the free 
end of the bars oriented toward the center of the column. 

^ -^ 14 ^ tXocSlI (JSljli ( 2)1 ^ 4 ^ 18.13.2.2 

Ui% C)) iCjUxa tlililkkll (lul£ |j|j ‘18.13.2.1 

^ jjM (jliulll 0^ 90 ililiUak 

jSj.a tXicbU 

18.13.2.3 Columns or boundary elements of special struc- tural 
walls that have an edge within one-half the footing depth from 
an edge of the footing shall have transverse reinforcement in 
accordance with 18.7.5.2 through 18.7.5.4 provided below the 
top of the footing. This reinforcement shall extend into the 
footing, mat, or pile cap a length equal to the development 
length, calculated for fy in tension, of the column or boundary 
element longitudinal reinforcement. 

Ajja-.all O'j-^ ji (2li% O' 18.13.2.3 

(j^a SjcUII (_ 3 .aC ‘ * (ji I 4 I (^1 ‘I .^K'l 

(> iSjlxl\ 18.7.5.4 18.7.5.2 4 lisj 

ji ‘ ji iSjcIaII aJA Jlali ( 2)1 .aJClAll 

(^Jj.1^1 jl (^ fy J (J^^lal LjLjm 

.(^jlall 

18.13.2.4 Where earthquake effects create uphft forces in 
boundary elements of special structural walls or columns, 
flexural reinforcement shall be provided in the top of the 
footing, mat, or pile cap to resist actions resulting from the 
factored load combinations, and shall be at least that required 
by 7.6.1 or 9.6.1. 

(ijlfLfijjl (j^ I. 4 AI& 18.13.2.4 

u&J ,<) .^1411 ') aj.acSll ji (2)ljJ4il 

(jjjl^^^l ^Ij ji ji (J.4 (^^^Ixll 

j' 7.6.1 ‘tOlaJ ka (J^i CiJ^ O' (J.a^l diliOjj (2)C 

.9.6.1 

18.13.2.5 Structural plain concrete in footings and basement 
walls shall be in accordance with 14.1.4. 

O'jj^'j jcljill (^ ‘UiA^.'h 0.^ o' 18.13.2.5 

.14.1.4 ‘UaiajSlI 


COMMENTARY 

R18.13.2 Footings, foundation mats, and piie caps 

gUj (aUUiSlj R18.13.2 


R18.13.2.2 Tests (Nilsson and Losberg 1972) have demon¬ 
strated that flexural members terminating in a footing, slab, or 
beam (a T-joint) should have their hooks turned inward toward 
the axis of the member for the joint to be able to resist the 
flexure in the member forming the stem of the T. 

O' 'kii ( Losberg 1972j Nilsson) t t . txJ aji R18.13.2.2 

( aj.>£ ji ji Jfrijill (^ j^Uc 

fjic- i jjli jj^ (3^1.41 I4,.!ik4i>fr u^\ 

, X^Jkuj (JjS. ti*. j.^«u f.t*-v*yt 4»a^kA.4 

R18.13.2.3 Columns or boundary members supported close to 
the edge of the foundation, as often occurs near property lines, 
should be detailed to prevent an edge failure of the footing, pile 
cap, or mat. 

^k^ (2|.a j^Uxll ji SxacSlI (Afu R18.13.2.3 

^lal liUjj i Ljiak ijM ujilkj (^ kal iilikukuSlI 

,4 MljWl Jf\ t ^kj Jf\ t (jfl (Ja^ 


R18.13.2.4 The purpose of this section is to emphasize that top 
reinforcement may be required, in addition to other required 
reinforcement. 

^jkin ^k^ lilkjA (2)J^ Jj£Ull jA IJA iy> (j!a jail R18.13.2.4 

.^jUaaII j^SlI ^jluull ^1 ^kJaVL 1 


R18.13.2.5 Foundation or basement walls should be reinforced 
in buildings assigned to SDC D, E, or F. 

(^k^l (^ (2)ljJ4ll sjcll tliUjikuSlI ^,4‘jull jku (2)1 ^4:! R13.13.2.5 

F.j' E j' SDC D 4 C.a-ii-11 
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18.13.3 Grade beams and slabs-on-ground 

laUa^li (al>a^l 18.13.3 

18.13.3.1 Grade beams designed to act as horizontal ties 
between pile caps or footings shall have continuous 
longitudinal reinforcement that shall be developed within or 
beyond the supported column or anchored within the pile cap or 
footing at aU discontinuities. 

05^ (2)1 *T^18.13.3.1 

ji ^ djAiuM ji 

Sjftlill Ijk. ji JjJliJl jlj Jib JSjjj ji jijftAall Jjli 

18.13.3.2 Grade beams designed to act as horizontal ties 
between pile caps or footings shall be sized such that the 
smallest cross-sectional dimension shall be at least equal to the 
clear spacing between connected columns divided by 20, but 
need not exceed 450 mm. Closed ties shall be provided at a 
spacing not to exceed the lesser of one-half the smallest 
orthogonal cross-sectional dimension and 300 mm. 

JaxU ^ a^jaIaII 18.13.3.2 

uuajptS\ ^laLdl Abut ilib biLulidl jl 

U^J ‘20 Uijjdiia A4.dlall Saa&SII On jfrUlill JiSh LjLua 

V Ale AilLa tlbbdj 450 0^ 

300j iAAbtlah A^^jxil JbuSh ‘ Jii 

18.13.3.3 Grade beams and beams that are part of a mat 
foundation sub9ected to flexure from columns that are part of 
the seismic-force-resisting system shall be in accordance with 
18.6. 

c> frj?' Ji4u AajjIaII biljASllj cjIjaSII bijSj b)i 18.13.3.3 

‘JjVJll A.Ajli4 Qa Ji^ (^! 

18.6 j* ^ 

18.13.3.4 Slabs-on-ground that resist earthquake forces from 
walls or columns that are part of the seismic-force- resisting 
system shall be designed as diaphragms in accor- dance with 
18.12. The construction documents shall clearly indicate that 
the slab-on-ground is a structural diaphragm and part of the 
seismic-force-resisting system. 

j\ Jjfi A^jSfl AiaiL fMSA 4-3-13-18 

^ ^ aa 4 i&Is JjVjh (jA jsa^ dAA&Sh 

5Aja5b b)l i^\ C)' ‘r'^ .18.12 

. JJVJll A.AjliA ijA b)* 


COMMENTARY 

R18.13.3 Grade beams and slabs-on-ground —For earth- quake 
conditions, slabs-on-ground (soil-supported slabs) are often part 
of the lateral-force-resisting system and should be designed in 
accordance with this Code as well as other appropriate standards 
or guidelines (refer to 1.4.7). 

‘ Ajjyi.'lb - A^ibajSh CjUa5bllj ^jAIaII bit R18.13.3 

^jIaa (^J^W tIiUa5b^ AAbajSh CiJ^ ^ 

^AUaII ji j^IaaII A^^I IA^ llfij A^l^l 

( 1.4.7 i^\ A^LiAll tSjiSh 


R18.13.3.2 Grade beams between pile caps or footings can be 
separate beams beneath the slab-on-ground or can be a 
thickened portion of the slab-on-ground. The cross- sectional 
limitation and minimum tie requirements provide reasonable 
proportions. 

Aftljill ji jb Aj».jA1a 11 liljAill QjSj (jIaj R18.13.3.2 

(jA ' Aj A,jI Aaa^jVI Aja^blt JAaaI AX^IIa bjlA 

jSjA aIa4^I .-iI aU*..' ^aVI aaIIj A^^jxll ^IaaII aja^ .A^^jSh ^5411 


R18.13.3.3 Grade beams resisting flexural stresses from column 
moments should have reinforcement details similar to the beams 
of the frame above the foundation. 

4jA f.UajVi biULf^Sf CijiiAh aajaIaII liijAill (jjSa ^2)1 ljuh R18.13.3.3 

.CjIaaLuVI (35^ A^LaaII “AU Jj^tij A^^Axll 

R18.13.3.4 Slabs-on-ground often act as a diaphragm to tie the 
building together at the ground level and minimize the effects of 
out-of-phase ground motion that may occur over the footprint of 
the building. In these cases, the slab- on-ground should be 
adequately reinforced and detailed. The construction documents 
should clearly state that these slabs-on-ground are structural 
members so as to prohibit saw cutting of the slab. 

IjiC’ Ijla Aaui&IS A^^jSh biUa^bll Jau La 4^1^R18.13.3.4 

bjAAj AA AI^jaII Aaa^jVI ASj^I bjljbb ^ Jl^j ^jjIajaa 

l^iAt^ijj A^^jSh biUa^bll ^aLaa sAa ^ aACli 

AjAdjSh biUa^Ull ^jlC’ ^LaaH 0^ 

,Aja5bll Jasa ^aaI jAdbc ^ 
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18.13.4 Piles, piers, and caissons 

iiaU^irtiitillj >IS>llj 18.13.4 

18.13.4.1 Piles, piers, or caissons resisting tension loads shall 
have continuous longitudinal reinforcement over the length 
resisting design tension forces. The longitudinal rein- forcement 
shall be detailed to transfer tension forces within the pile cap to 
supported structural members. 

JUa.i ylll ji ji jjtSjil tjjLj ^2)1 18.13.4.1 

fLJaci ^Ij 

18.13.4.2 Where tension forces induced by earthquake effects 
are transferred between pile cap or mat foundation and precast 
pile by reinforcing bars grouted or post-installed in the top of 
the pile, the grouting system shall have been demonstrated by 
test to develop at least 1.25fy of the bar. 

(jjJljill jlj JJVjh jlji 0* 'laAUll (Jij ^ La.ljc 18.13.4.2 

(j.a AjL^I ^ UJ% J‘AJuldl ji 

ija 1.25fy Cfi' (A 

18.13.4.3 Piles, piers, or caissons shall have transverse 
reinforcement in accordance with 18.7.5.2 (a) through (e), 
18.7.5.3, and 18.7.5.4 excluding requirements of (c) and (f) of 
Table 18.7.5.4 at locations (a) and (b); 

ji jjLSjll j\ JjJljall O' 18.13.4.3 
^ CiUkldl 18.7.5.4 j 18.7.5.3 j (e) (a) 18.7.5.2 -1 iisj 

■(“) -S (') 18.7.5.4 cH (j) j (z) 

(a) At the top of the member for at least five times the member 
crosssectional dimension, and at least 1.8 m below the bottom 
of the pile cap. 

jxll JxOI Lilxbal jOaxll Qa f ^ (I) 

O* (_ylLjh jla 1.8 JsStl if.LuaebU 

(b) For the portion of piles in soil that is not capable of 
providing lateral support, or in air and water, along the entire 
unsupported length plus the length required in (a). 

ji j»ftj jjSjj ^ sjJli jjft ^jjll ^ JjJljaJl ijA (ij) 

Jjlah AliSb jA JjUI Jjla ^ 

.(i) ijjlliall 

18.13.4.4 For precast concrete driven piles, the length of 
transverse reinforcement provided shall be sufficient to account 
for potential variations in the elevation of pile tips. 

Jjla 0,9% O' A J. in\lj 18.13.4.4 

^Ij AXajA.Ail bjljjkiil dl^lj.41 UfilS ^yiajadl 

18.13.4.5 Concrete piles, piers, or caissons in foundations 
supporting one- and two-story stud bearing wall construction 
are exempt from the transverse reinforcement require- ments of 
18.13.4.3 and 18.13.4.4. 

iJjLjiLuiVl iJjUjjduill ji iJjlSjll ji iiJjLiLjijaJl JjJljaJl 18.13.4.5 
,.'U .-il ab*.. ^ 09%'^ j' (0^1^ 0^ j'%^' 

.18.13.4.4 J 18.13.4.3 O- 


COMMENTARY 

R18.13.4 Piles, piers, and caissons —Adequate performance of 
piles and caissons for earthquake effects requires that these 
provisions be met in addition to other apphcable standards or 
guidelines (refer to Rl.4.5). 

('■'jStl U. i l lalj jjlSjllj JjJljaJl R18.13.4 

( Rl.4.5 t^'j) 

R18.13.4.1 A load path is necessary at pile caps to transfer 
tension forces from the reinforcing bars in the column or 
boundary member through the pile cap to the reinforcement of 
the pile or caisson. 

J*ill Jill (jjjljaJl jb Ajj^aJl jUdW Au R18.13.4.1 

„* ^ AjA^I j^Uidl j\ Aj.axh ^ 

*j, ..j<U j| 

R18.13.4.2 Grouted dowels in a blockout in the top of a precast 
concrete pile need to be developed, and testing is a practical 
means of demonstrating strength. Alternatively, reinforcing bars 
can be cast in the upper portion of the pile, exposed by chipping 
of concrete and mechanically spliced or welded to an extension. 

^ Ali£ ^ jjLuVI bujli R18.13.4.2 

^■"-■ 

^(jiayuA fjA „*U 

,AjA.4j a AJ.V\.. jj Qa 

R18.13.4.3 During earthquakes, piles can be subjected to 
extremely high flexural demands at points of discontinuity, 
especially just below the pile cap and near the base of a soft or 
loose soil deposit. The Code requirement for confinement 
reinforcement at the top of the pile is based on numerous 
failures observed at this location in earthquakes. Transverse 
reinforcement is required in this region to provide ductile 
performance. Possible inelastic action in the pile at abrupt 
changes in soil deposits should also be considered, such as 
changes from soft to firm or loose to dense soil layers. Where 
precast piles are to be used, the potential for the pile tip to be 
driven to an elevation different than that specified in the 
construction documents needs to be considered when detailing 
the pile. If the pile reaches refusal at a shallower depth, a longer 
length of pile will need to be cut off If this possibility is not 
foreseen, the length of transverse reinforce- ment required by 
this provision may not be available after the excess pile length is 
cut off 

(lUaJi (ilfiAluii JjjljaJl ‘ JJVjll (ibji R18.13..4.3 

tACli iy> uj^bj ^b Jiui A^l^ i AlC ^IxU 

f ^ Aj£ll tlibllala A.ajjb A«a»'l jj 

yi ^>*11 lAA ^ Ci^jl biljU^bVl ijA AjA»11 ijk- JjJlkll (> 

^IaI AlLlah iito ^ ujUxa .JjVjl' 

^ ^ 

^ 

pL^yi ^ iiUj ^ i-Ajia 

(jAfr Aj£' iAtfLL IjI ^ 

V iUljla JLai^VI 0% ^ 

AjIJII Jjkll aIJI Iaa ui&jAj 
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18.13.4.6 Pile caps incorporating batter piles shall be designed 
to resist the full compressive strength of the batter piles acting 
as short columns. The slenderness effects of batter piles shall be 
considered for the portion of the piles in soil that is not capable 
of providing lateral support, or in air or water. 

4 nninn CiJ^ 0^ 18.13.4.6 

J.4*j Jal^l 

A.u^*l) d j^Ull 

.(lUll ji ji j»ej 

18.14—Members not designated as part of the 
seismic-force-resisting system 

6^1 (tUai j^l^UaJll8.14 - 

18.14.1 Scope 

jU»:iil8.i4.1 

18.14.1.1 This section shall apply to members not desig- nated 
as part of the seismic-force-resisting system in structures 
assigned to SDC D, E, and F. 

fjM CB ^IJA (34^18.14.1.1 
F.J E j SDC D jljll Sjill Cijli, 

18.14.2 Design actions 

ifttonill 18.14.2 

18.14.2.1 Members not designated as part of the seismic- force- 
resisting system shall be evaluated for gravity load 
combinations of (1.2D + l.OL + 0.2S) or 0.9D, whichever is 
critical, acting simultaneously with the design displacement 3u. 
The load factor on the live load, L, shall be permitted to be 
reduced to 0.5 except for garages, areas occupied as places of 
public assembly, and all areas where L is greaterthan 4.8 
kN/m2. 

JJVJll Qa ^3^ ^ aa,>.aU pUla&SlI *^3*^ u^13-14-2-1 

‘ (1.2D + l.OL + 0.2S) or 0.9D 

3u. ^ ^ '• 

^LuIwjL 0,5 L 

4.8 L (3^^4a 1I ^Ixll 

.kN/in2 


18.14.3 Cast-in-piace beams, columns, and joints 

(i ^^^1 OJiMiSlj 18.14.3 

18.14.3.1 Cast-in-place beams and columns shall be detailed in 
accordance with 18.14.3.2 or 18.14.3.3 depending on the 
magnitude of moments and shears induced in those members 
when subjected to the design displacement 8u. If effects of 8u 
are not explicitly checked, the provisions of 18.14.3.3 shall be 
satisfied. 

^ 4 fd 0) 4*^ 18.14.3.1 

(jaillj fijjxll Usj 18.14.3.3 ji 18.14.3.2 4i.-aljAll 

^ bl ,3ii 4.^IJ^ -^^1 lie ^UaeV) 

.18.14.3.3 (ilijljil tS^ 3u 


COMMENTARY 


R18.14—Members not designated as part of the 
seismic-force-resisting system 

This section applies only to structures assigned to SDC D, E, or 
F. For those SDCs, aU structural members not designated as a 
part of the seismic-force-resisting system are required to be 
designed to support gravity loads while subjected to the design 
displacement. For concrete structures, the provisions of this 
section satisfy this requirement for columns, beams, slabs, and 
wall piers of the gravity system. Provision 18.14.6 defines the 
load and displacement combinations that must be considered. 
Design displacement is defined in Chapter 2. Models used to 
determine design displacement of buildings should be chosen to 
produce results that conservatively bound the values expected 
during the design earthquake and should include, as appropriate, 
effects of concrete cracking, foundation flexibility, and 
deformation of floor and roof diaphragms. The provisions of 
18.14 are intended to enable ductile flexural yielding of 
columns, beams, slabs, and wall piers under the design 
displacement, by providing sufficient confinement and shear 
strength in elements that yield. 

R.14.14 - 

[T, j\ ji SDC D IIa ^ 3 ^^^ 

^IjbU jLo^Sfl dj^l ^ 

lilt iIjLwiIaII AomuIL 

Jj^l ,4^11^1 fjk ^Iji^l JjI£jj tJjUa^UlIj iJjIja^Ij dAa&bU 

^ .jL^VI ^^1 ^IjVlj Ja^I i.^1 jj 18.14.6 

^IjSfl ^A^IuiaII ^ILaHI jLu^I .2 ^ Aaaja.^^211 ^IjVI 

JjVjII pUji AjlS^^IaII ^>^1-4 4ja;1a.«^21| 

CjIj^Ij 4 i(jAuSi^ (2}‘l AJpAIAa^!!]! 

18.14 ^b^jbU Aj. 4^VI 44liLyuL4JdStl 

4«IjUa^l.^lj 4Cj|jA^}j 4d±AC'^ fU^VI 

^ ^l£ll (^A 44^AJA.>^2I| ^IjSfl 

R18.14.3 Cast-in-place beams, columns, and joints 

^,^1 ^Ullj R18.14.3 

R18.14.3.1 Cast-in-place columns and beams are assumed to 
yield if the combined effects of factored gravity loads and 
design displacements exceed the strengths specified, or if the 
effects of design displacements are not calculated. Requirements 
for transverse reinforcement and shear strength vary with 
member type and whether the member yields under the design 
displacement. 

Cilj^Ull Cul£ ill ^,,^1 ^ ^jawiaII ^IjaHIj dXo&Stl 
^jHaII 4.ja;1a>^jI| CjL&IJVIj S.^«.4^a 1| ^^jjil JLa^SU 4^jaI| 

ciiUlJala ' ,Aaaja.^^j1| ^IjVI ^Ij^Ij ^ ^ ill jj (dJ.i^All 

ill Ia& j jA^jxIl L-u.nA (j^^l ^;^.JajxII ^^lyiull 

.^iUAJAa^uII 


497 

















CODE 


18.14.3.2Where the induced moments and shears do not exceed 
the design moment and shear strength of the frame member, (a) 
through (c) shall be satisfied; 

V 18.14.3.2 

(j) (_yl! (i) ‘ jlJaV' J^axl 

(a) Beams shall satisfy 18.6.3.1. Transverse reinforce- ment 

shall be provided throughout the length of the beam at spacing 
not to exceed d/2. Where factored axial force exceeds Ag 
fc'/lO, transverse reinforcement shall be hoops satisfying 

18.7.5.2 at spacing so, according to 18.14.3.2 (b). 

Jjla 4 ^j»h jjL-ull jjijj .18.6.3.1 c} (') 

d^^l L 4 AI& .d / 2 ^ 

JJ liljlal Jill ^jlin'l C)' 4 *^ ‘ Ag fc '/ 10 *Jiii-»ll 
.(b) 18.14.3.2 J liij c .iUis cjliL^l 18.7.5.2 

(b) Columns shall satisfy 18.7.4.1, 18.7.5.2, and 18.7.6. The 
maximum longitudinal spacing of hoops shall be so for the full 
column length. Spacing so shall not exceed the lesser of six 
diameters of the smallest longitudinal bar enclosed and 150 
mm. 

ai% 6 ' .18.7.6 j 18.7.5.2 j 18.7.4.1 »i«cSfl (2)1 (“) 

,Jj.aiU (3.al.&ll Jjlall jA (JljlabU ^jlall SjfrUall ^y.d£Sll J^l 
^ 150j ( 3 ^ jitidi ( 2 ).a jUaSi Alu ^ (Jii JCb^l 

(c) Columns with factored gravity axial forces exceeding 
O. 35 P 0 shall satisfy 18.14.3.2 (b) and 18.7.5.7. The amount of 
transverse reinforcement provided shall be one-half of that 
required by 18.7.5.4 and spacing shall not exceed So for the full 
column length. 

(^Ij (J^^ilall ^jl^l A^ji.all (^jill ililj aXtcSlI ( 2)1 ( 2 ) 

j^l ^ jjSi ( 2 )i .18.7.5.7 j (Po 18.14.3.2 (bO.35 

^Uji.all jjliJu Vi 18.7.5.4 ‘ ((f4ajill 

,(3aI£ 1I JjAill Jjial A u inlL 

18.14.3.3 Where the induced moments or shears exceed ([tMn or 
(|)Vn of the frame member, or if induced moments or shears are 
not calculated, (a) through (d) shall be satisfied; 

ji (|)Mn ‘j'-Ai flj V AjiluiAll (jflill ji j»jji!l JjLajj Uiift 18.14.3.3 
(2 )a (I) ‘ Ajiluu (jdill jl jjill ^ bl jl 1 jUaVI >4ail (|)Vn 

:(d) 

(a) Materials, mechanical splices, and welded splices shall 
satisfy the requirements for special moment frames in 18.2.5 
through 18.2.8. 

(b) Beams shall satisfy 18.14.3.2 (a) and 18.6.5. 

(c) Columns shall satisfy 18.7.4, 18.7.5, and 18.7.6. 

(d) Joints shall satisfy 18.8.3.1. 


‘-'1;'^'*'* A .'j-vl.'ll I'lla-vl/'llj <U£^l£^l JIjaII (2)1 (1) 

.18.2.8 18.2.5 J ^1441 cjljUal 

.18.6.5 j (i) 18.14.3.2 O' M 

.18.7.6 j 18.7.5 j 18.7.4 Sa^STI <3^4 (jr) 
.18.8.3.1 O' (J) 
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18.14.4 Precast beams and columns 

Mdll oJiMiSlj (al>a^l 18.14.4 

18.14.4.1 Precast concrete frame members assumed not to 
contribute to lateral resistance, including their connections, 
shall satisfy (a) through (d): 

^ V ^.>^,1) jUal (jkjjij 18.14.4.1 

liUj ^ Lu 

(a) Requirements of 18.14.3 

(b) Ties specified in 18.14.3.2 (b) over the entire column 
height, including the depth of the beams 

(c) Structural integrity reinforcement, in accordance with 4.10 

(d) Bearing length at the support of a beam shall be at least 50 
mm longer than determined from 16.2.6. 

18.14.3 *^4^ (') 

^ Lu JjSa fjc. 18.14.3.2 

10-4 ajiill Uij 

jk Lu Jjlai JSVI ^ 50 ^ •ijS’ J.al^l Jjla (^) 

.16.2.6 c>» 


18.14.5 Slab-column connections 

18.14.5 

18.14.5.1 For slab-column connections of two-way slabs 
without beams, slab shear reinforcement satisfying the 
requirements of 8.7.6 or 8.7.7 shall be provided at any slab 
critical section defined in 22.6.4.1 if Ax/hsx > 0.035 - (1/20) 
(vug/(|)vc). Required slab shear reinforcement shall provide 
vs>0.29 (fc')0.5 at the slab critical section and shall extend at 
least four times the slab thickness from the face of the support 
adjacent to the slab critical section. The shear reinforcement 
requirements of this provision shall not apply if Ax/hsx < 0.005. 
The value of (Ax/hsx) shall be taken as the greater of the values 
of the adjacent stories above and below the slab- column 
connection, vc shall be calculated in accordance with 22.6.5. 
vug is the factored shear stress on the slab crit- ical section for 
two-way action due to gravity loads withoutmoment transfer. 

ej|j ^54 0^ ^54 - '4^^418.14.5.1 

8.7.6 ^54 

Ax/hsx > 41 ' 22.'6.4.1 J J 8.7.7 

5jjlkall 3.^j5Ul Jjji O' ■ 0.035 - (1/20) (vug/(|)vc) 

Ajuji Jlu O' ‘^5411 Ale vs>0.29 (fc')0.5 

Aja541' A.A'J O'* ^54' ^Laui cibiuai 

.Ax/hsx < 0.005 O'^ 'j! (>^' O^' Jjk" CjL iUau V 

^ 0^ JjSi Ijlc. (Ax/hsx) 'La^ ikjj O' 

yyg .22.6.5 ^ A^LJaall .Aja54 - 

^ Jaidl 0^ ^lalah jA 

.^OxU OjA 0*^ AuJl^l JLa^i 0:^14" 


COMMENTARY 

R18.14.4 Precast beams and columns 

(MUdll OJiMliSli (iiUl>a^l R18.14.4 
R18.14.4.1 Damage to some buildings with precast concrete 
gravity systems during the 1994 Northridge earthquake was 
attributed to several factors addressed in this section. Columns 
should contain ties over their entire height, frame members not 
proportioned to resist earthquake forces should be tied together, 
and longer bearing lengths should be used to maintain integrity 
of the gravity system during ground motion. The 50 mm 
increase in bearing length is based on an assumed 4 percent 
story drift ratio and 1.3 m beam depth, and is considered to be 
conservative for the ground motions expected for structures 
assigned to SDC D, E, or F. In addition to this provision, precast 
frame members assumed not to contribute to lateral resistance 
should also satisfy the requirements for cast-in-place 
construction addressed in 18.14.3, as applicable. 

A..dui tii4 ^4*1' R18.14.4.1 

L^jLIj 1994 J'5^J AIjajm A^ij 

CjIaIAu dAa&VI (^\ 

t Aiaiij^ JL3^5^' ^ A j. ..1 A o' 

^5Lu Jall^ Jljlai <A-,„l 

Aua^u ^1a 50 j'Ai.«J Jjla ^ dJljjl' Aaajj ,A^^jVI fUji 

idj.a^l jla 1,3 J Z4 A-Jaj2ka ^Uall A.^lji 

1 j* F. j' E j' SDC D -1 A.^.^A..'! cjUilall ^jlall ^jSri 

^ A-aALaMll jdaVl 

‘18.14.3 ^UOl cjLallala A,^ Ll^i A ^jlLal) 

.f-l 

R18.14.5 Slab-column connections 

<iia^ - R18.14.5 

R18.14.5.1 Provisions for shear reinforcement at slab- column 
connections are intended to reduce the hkelihood of slab 
punching shear failure if the design story drift ratio exceeds the 
value specified. No calculation of induced moments is required, 
based on research (Megally and Ghali 2002; Moehle 1996) that 
iden tifies the likelihood of punching shear failure considering 
the story drift ratio and shear stress due to gravity loads without 
moment about the slab critical section. Figure R18.14.5.1 
illustrates the requirement. The requirement can be satisfied by 
adding slab shear reinforcement, increasing slab thickness, 
changing the design to reduce the design story drift ratio, or a 
combination of these. If column capitals, drop panels, shear 
caps, or other changes in slab thickness are used, the 
requirements of 18.14.5 are evaluated at all potential critical 
sections, as required by 22.6.5.1. 

jA Aja54 - Aj.aC Cj5L.dJ Ajc ^jLin fja fj!a jxll 1-5-14-18 R 

Ajaju |jj ^ 

V ^IjVI 

( iden 0* Moehle 1996- Ghali 2002j Megally) 

^IjVI Ajmu jUj&VI ^ jLu^l 

CiJ^ JLa^VI ',*;■■■; A^Uall 

^Uab iliUlLUl ^CdUllalAll R.14.14.5.1 

^IjVI Aomu jj^ iAJa^^l 

iAJa^Lil lilftyn ^ CiIjjJlUI ^ jl tAJalyuAll 

^ ^ LaS (AXu^aII ^ 18.14.5 ^ 

.22.6.5.1 
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Fig. R18.14.H.I—Illustration of the criterion of 18.14.5.1. 


18.14.6 Wall piers 


^Ij^l^lSj 18.14.6 


18.14.6.1 Wall piers not designated as part of the seismic- 
force-resisting system shall satisfy the requirements of 18.10.8. 
Where the general building code includes provisions to account 
for overstrength of the seismic-force- resisting system, it shall 
be permitted to calculate the design shear force as Qo times 
the shear induced under design displacements, 8u. 


‘-^18.14.6.1 

f>U^I .18.10.8 ^jH.a 

^ 

.8u 


R18.14.6 Wall piers 


^b^l>rilSjR18.14.6 


R18.14.6.1 Section 18.10.8 requires that the design shear force 
be determined according to 18.7.6.1, which in some cases may 
result in unrealistically large forces. As an alterna- live, the 
design shear force can be determined as the product of an 
overstrength factor and the shear induced when the wall pier is 
displaced by 8u. The overstrength factor Qo included in FEMA 
P749, ASCE/SEI 7, and the 2012 IBC can be used for this 
purpose. 


jjjaJi juj 42)1 8-10-18 (>--411 ^j1ju18-1-6-1-1 

jjfi ijjVlaJi o4»J ‘ 1-6-7-18 4 

dJLj J^U-a 1^1 -LiAiAA^illl (j^ill -Lajl^ 

^^Ijl ^ I..A.11& ^jIaaII 

j ASCE / SEI 7 j EEMA P749 J J 

me 2012 


CHAPTER 19-CONCRETE: DESIGN AND URABILITY 
REQUIREMENTS 

- 19 


R19-CONCRETE: DESIGN AND DURABILITY 
REQUIREMENTS 

R19 


— 19.1 Scope 


JMI19.1 


19.1.1 This chapter shall apply to concrete, including: 

(a) Properties to be used for design 

(b) Durability requirements 

;iillj ^ 1.4J ( (Ja^HI (3^1^19.1.1 

.jA.y.'.U ^ 1^ ..I '.y*. „y 

^LLoll (iiUllal. 

19.1.2 This chapter shall apply to durability requirements for 
grout used for bonded tendons in accordance with 19.4. 

^ ^UaII (J.4&I11 (ljUllal. ^^^1& (Ja^aII 1^ (3^1^ 19.1.2 

,19.4 4 USj 4ja^j.ill 
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19.2 Concrete design properties 

19.2 


R19.2—Concrete design properties 

ijajWaa PI""* - 


19.2.1 Specified compressive strength 

laulaW ^jl^l9.2.1 


19.2.1.1 The value of fc' shall be specified in construction 
documents and shall be in accordance with (a) through (c). 

(a) Limits in Table 19.2.1.1 

(b) Durability requirements in Table 19.3.2.1 

(c) Structural strength requirements. 

(i) J lisj oJ^ fc JjJaj 19.2.1.1 

. 

1-1-2-19 SJjIjJI Jj-iaJl (i) 

1-2-3-19 ^U.4h 1 I 1 UII 9 I 4 

cjUliald 


Application 

Concrete 

Minimum 

Maximum 

/c’.MPa 

fc', MPa 

Genera] 

Normahveight and 
Ughtiveight 

17 

None 

Special moment frames 
and special stnjctural 
walls 

Normahveight 

21 

None 

Lightweight 

21 

35[1] 


[l]The limit is permitted to be exceeded where demonstrated by 
experimental evidence that members made with lightweight concrete 
provide strength and toughness equal to or exceeding those of 
comparable members made with normalweight concrete of the same 
strength. 


19.2.1.2 The specified compressive strength shall be used for 
proportioning of concrete mixtures in 66.4.3 and for testing and 
acceptance of concrete in 26.12.3. 

^ Wt .>.tVl <41. ..t 19.2.1.2 

.26.12.3 J JjiSj jUiiVj 66.4.3 


R19.2.1 Specified compressive strength— Requirements for 
concrete mixtures are based on the philosophy that concrete 
should provide both adequate strength and durability. The Code 
defines a minimum value of fc' for structural concrete. There is 
no limit on the maximum value of fc' except as required by 
specific Code provisions. Concrete mixtures proportioned in 
accordance with 66.4.3 should achieve an average compressive 
strength that exceeds the value of fc' used in the structural 
design calculations. The amount by which the average strength 
of concrete exceeds fc' is based on statistical concepts. When 
concrete is designed to achieve a strength level greater than fc', 
it ensures that the concrete strength tests will have a high 
probability of meeting the strength acceptance criteria in 
26.12.3. The durability requirements prescribed in Table 
19.3.2.1 are to be satisfied in addition to meeting the minimum 
fc' of 19.2.1. Under some circumstances, durability requirements 
may dictate a higher fc' than that required for structural 
purposes. For design of special moment frames and special 
structural walls used to resist earthquake forces, the Code limits 
the maximum fc' of lightweight concrete to 35 5Pa. This limit is 
imposed primarily because of a paucity of experimental and 
field data on the behavior of members made with lightweight 
concrete subjected to displacement reversals in the nonlinear 
range. The Code also limits fc' for design of anchors to concrete. 
The requirements are in 17.2.7. 


i-il I'l.il.' Aajxj - lakuah R19.2.1 

.1^1 ‘ Cttl 

1.4 fc fc '4.9^ 

^ 4 1, ,il "..'I diUalkll 

^ 4 a< 41, <L4^ Ja k ua ^jll4 66.4.3 

fc ^ ^ jl4^l ^44X4 

4,4494X4 L444& _4jU .x-vVt ' 

4j\l 4l.vt ^jlLa C4ljl44^l {JAmSU t^li < fc J4^1 

44^ .26.12.3 4^411 


JaJL flLluVI 19.3.2.1 

lyi fc diUiiala 42 lA fC '19.2.1. 4 

4^1^! tliljUal 4 liU; 

44^ ^jUaI 4 9 <41. 4 .xl4\t 

i.ijiin JjSh ^IAaII ^ 4^11 ijla j2 Pa5 35 u^\ Akiik 

(JA 4fcj1.x 9\t jj^Uxll 4^l4^lj 44J4JA4il dj4j 

fc 4j£ll 44^4, ^li.vM'1 ^4 a1| ^ 4«.>i|.v'I 4 

,17.2.7 ^ j^LaaII *j9,>9iu 


19.2.1.3 Unless otherwise specified, fc' shall be based on 28- 
day tests. If other than 28 days, test age for fc' shall be indicated 
in the construction documents. 

28 ‘^04^1 Fc 421414 0 ^ < iiU4 cibU ijiC' ^ fAl9.2.1.3 

fCJ jUHVl JAft SjLiyi iIaj4 28 4J4.J ja4ft 4JU Uj4 

.(aLijVl J4I4J 
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19.2.2 Modulus of elasticity 

M^l 19.2.2 

19.2.2.1 Modulus of elasticity, Ec, for concrete shall be 
permitted to be calculated as (a) or (b); 

d.abi.4 ..I , 19.2.2.1 

':(-) ji (i) 

(a) For values of wc between 1440 and 6567 kg/m3 

Ec = wc 1 . 5 O.O 43 (fc'f'^ (in MPa) (19.2.2.1.a) 

(b) For normal weight concrete 

Ec = 4000 (fcf^ (in MPa) (19.2.2.l.b) 


19.2.3Modulus of rupture 

19.2.3 

19.2.3. IModulus of rupture, fr, for concrete shall be 
calculated by: 

.A U, ( fl* ( d.Alx.4 ^19.2.3.1 

f, = 0.62X41' 

where the value of A is in accordance with 19.2.4. 

.19.2.4 d llij A 


19.2.4 Lightweight concrete 

^3^1 mLi^19.2.4 


19.2.4.1 To account for the properties of hghtweight concrete, 
a modification factor A is used as a multiplier of fc' in all 
applicable provisions of this Code. 

JjJiull .'I ^ uLuial 19.2.4.1 

IIa ^ 'fc' ^ L.ACUia.4S A 

19.2.4.2 The value of A shall be based on the composition of 
the aggregate in the concrete mixture in accordance with Table 
19.6.4.6 or as permitted in 19.6.4.3. 

^ A '^•>^19.2.4.2 

.19.6.4.3 ^ jaill ijlc. ji 19.6.4.6 


COMMENTARY 

R19.2.2 Modulus of elasticity 

iyi^l J«U»R19.2.2 

R19.2.2.1 Studies leading to the expression for modulus of 
elasticity of concrete are summarized in Pauw 019674, where Ec 
is defined as the slope of the line drawn from a stress of zero to 
a compressive stress of 0.45fc'. The modulus of elasticity for 
concrete is sensitive to the modulus of elasticity of aggregate 
and mixture proportions of the concrete. Seasured elastic 
modulus values can range from 87 to 167 percent of calculated 
values. A/T5 C4695 provides a test method for determining the 
modulus of elasticity for concrete in compression. 

^ d.4bi.4 CjLuIjjII 28-1-2-1 

ij^\ 0 u-> Ec ‘ Pauw 019674 

d.abi.al d.alji.4 ^ 1 , 0.45fc' laLua 

37 J.4U.4 ^ 

jjjajl jbjil ^jla A / T5 C4695 J^ji jjjill (> JjUll ^ 167 

Jaiula jji J.4U.4 


R19.2.4 Lightweight concrete-The modification factor A is 
used to account for the lower tensile-to-compressive strength 
ratio of lightweight concrete compared with normal- weight 
concrete. Eor design using lightweight concrete, shear strength, 
friction properties, splitting resistance, bond between concrete 
and reinforcement, and development length requirements are not 
taken as equivalent to normal- weight concrete of the same 
compressive strength. Typically, the designer will not know the 
blends of aggregate necessary to achieve the target design 
strength and density required for a project. In most cases, local 
concrete and aggregate suppliers have standard lightweight 
concrete mixtures and can provide the volumetric fractions of 
light- weight and normalweight aggregates necessary to achieve 
the target values. These volumetric fractions can be used to 
determine the value of X, or in the absence of such data, it is 
permissible to use the lower-bound value of X for the type of 
lightweight concrete specified. Two alternative procedures are 
provided to determine X. The first alternative is based on the 
assumption that, for equivalent compressive strength levels, the 
tensile strength of lightweight concrete is a fixed fraction of the 
tensile strength of normalweight concrete (Ivey and Buth 1967). 
The multipliers used for X are based on data from tests on 
concrete made with many types of structural lightweight 
aggregate. 
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Table 19.2.4.2—^Modification factor A 

A i^\xA - 19.2.4.2 


Concrete 

Composition of 
aggregates 

A 

AU-lighcweight 

Fine: A/T5C3375 
Coarse: A/T5 C3375 

0.75 

Lightweight. Hne blend 

Fine: Combination of 
ASTM C3375 and C335 

0.75 to 0.85[1) 

Sand-lightweight 

Fine:ASTMC33M 
Coarse: ATTS C3375 

Fine: ASTM C33M 

0.85 

Sand-lightweight, coarse 
blend 

Coarse: Combination 
of ASTM C3375 and 
C33S 

0.85 to 1[6] 

Normalweight 

Fine: ASTM C33M 
Coarse: ASTM C33M 

1 


AjmJ uL-u^ a ^^j^R19.2.4 

^Lyuj^l ^ ^Lyuj^l ^ JaLuall lull 

^Lbuj& <Luu.^IIj .^LjuJall 

^Lyuj^l iajijilllj ^jl^j 

4^4^^ 0j>^^ ^1£.4 l^i V Jjla CjUlklaj 

cijju 4dJl^ .Jaa-uftll ^jll« 

^iax-a ^ 

Qj^lj uLai ^l£jil Jl^ ^ Aja^I jjSjj A^Ufl 

plj^Vl ,Ai.^JLuA]l ^1^1 

^l^^lyul 4 CjULJI dlft JIa j't ^ 

(jA U:^^ ^ ,dJ.l^All Aiji^ ^Lyuj^l X cH A_a^ 

AjmuIL 4Ji ^jlc- JjSft Irtjau, ^ ilal^lj&VI 

UJ>y^ Ai^i^ lJiil\ ^jILa 44Jdl£All JaLi.^1 ^jHa CjLjImiaI 


(Ivey and Buth oJj^' ^ JJUjijaiJ i.ill C>jli« i^jIj f.ja. 
ijlC’ (iiljLj^VI iy> ijlC’ X ^ ^ -<4*,„.u (iiiicLuxoil xajiLil967). 

,^L1jV1 ‘ fljft-vU ^l£^t CH ^Ljjj^t 


[IJLinear interpolation from 7.75 to 7.85 is permitted based on 
the absolute volume of normalweight fine aggregate as a 
fraction of the total absolute volume of fine aggregate. 

[6]Linear interpolation from 7.85 to 1 is permitted based on the 
absolute volume of normalweight coarse aggregate as a fraction 
of the total absolute volume of coarse aggregate. 

Jlkdl (.ajJl Ji\ IjUj-iI 7.85 7.75 U- i>aJl ia.-jl»ll Jt—J[l] 

.^Ull *“'^^^ uJj^ ‘ 

jU (jlbn't iji\ Ijlliul 1 7.85 O* Jaujlall 

fiS jU (j.'la.d) iy> fr > jW^W L)Jj^ 

19.2.4.3 If the measured average splitting tensile strength of 
lightweight concrete, fct, is used to calculate A, laboratory tests 
shall be conducted in accordance with A/T5 C3375 to establish 
the value of fct and the corresponding value of fcm and A shall 
be calculated by: 


The second alternative procedure to determine A. is based on 
laboratory tests of lightweight concrete with aggregate source 
and compressive strength representative of that to be used in the 
Work. The laboratory tests performed in accordance with A/T5 
C3375 provide a measured average splitting tensile strength fct 
and a measured average compressive strength fcm for the 
lightweight concrete. The value of A. is determined using E, 
(19.2.4.3), which is based on the assumption that the average 
splitting tensile strength of normalweight concrete is equal to 
0.56 (fcm )0.5 (Ivey and Buth 1967; Hanson 1961). 

AjIoaII a. 4!^^^ Xuxj 

jfijj .J.4adl ^ I ^ .1 ..V jaxJall j ^ 

liaujla UjiUs A / T5 C3375 -1 1 a jl^ a^J.4xa1i tilljUjiVI 

frni 4.4o^tiA isMjjldj f(;t ^tiilAt U I jAII 

^lllj t (19.2.4.3) ^ H ^Ii41tulj X ^ iLilik 

^Jlxll At^l ^jH.a iawjjla tj^lj^l l A J X J 

0.5 (Ivey and Buthl967; Hanson 1961) 0.56 (fcm) 


A.=-^i^<1.0 (19.2.4.3) 

0.56^ 

4^^^ ^ aai^^ ^Lyu^^^II j. 4^1 ^■ “J*** lit ^ t^tl9.2.4.3 

A_a^ a / T5 C3375 ^ A^l-aa-a ^ A uLyii^ 

•A^LuJI ^jUlaII ^JaAJdljj ^U.14^ A J fcm ^ 


The concrete mixture tested in order to calculate A shall be 
representative of that to be used in the Work. 

A J&l djUj^l ^ ij^\ ^Lbuj^l 0^ 
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19.3—Concrete durability requirements 

19.3 - 

19.3.1 Exposure categories and classes 

19.3.1.1 The licensed design professional shall assign exposure 
classes in accordance with the severity of the antic- ipated 
exposure of members for each exposure category in Table 
19.3.1.1. 

.19.3.1.1 tliUi (y> 4JS jkl ^Ura&bU jUaa.1) 


Table 19.3.1.1—Exposure categories and classes 

jxjll Cjlijluajj cjUi . 1-1-3-19 


Categoo 

Class 

Condition 

Freezing and 
thawing (F) 

FO 

Conercte not exposed to freezing-and- 
thawing eyelcs 

FI 

Conercte exposed to freezing-and-thawing 
cyeles with limited exposure to water 

F2 

Conercte exposed to freezing-and-thawing 
cycles with frequent exposure to water 

F3 

Concrete exposed to freezing-and-thawing 
cycles with frequent exposure to water and 
exposure to deicing chemicals 

Sulfate (S) 


Water-soluble sul¬ 
fate (S 04 ^) in soil, 
percent by massbl 

Dissolved sulfate 
(S 04 ^) in water, 
ppm'^l 

SO 

SO4-’-<0.10 

S 04 ^< 150 

SI 

0.10 <S 04 -'-< 0.20 

150<S04^< 1500 
or scaw atcr 

S2 

0.20 <S 04 -'‘< 2.00 

I500<S04=-< 10.000 

S3 

S 04 -'> 2.00 

S 04 ^> 10.000 

In contaet 
with water 
(W) 

WO 

Concrete dry in service 

Concrete in contact with water and low 
permeability is not required 

WI 

Concrete in contact with water and low 
permeability is requited 

Corrosion 
proteetion of 
reinforcement 
(C) 

CO 

Concrete dry or protected from moisture 

Cl 

Concrete exposed to moisture but not to an 
external source of chlorides 

C2 

Concrete exposed to moisture and an 
external source of chlorides from deicing 
chemicals, salt, brackish water, seawater, or 
spray from these sources 


[IJPercent sulfate by mass in soil shall be determined by ASTM 
C1580. 

[2]Concentration of dissolved sulfates in water, in ppm, shall be 
determined by ASTM D516 or ASTM D4130. 

ASTM C 0^ ^ a^xjuI] 

1580. 

AKuiIjj ( f ^ i fUll ^ CjLuj^l jj JjAaJi ^[2] 

ASTM D4130.iASTM D516 


COMMENTARY 

R19.3—Concrete durability requirements 

Durability of concrete is impacted by the resistance of the 
concrete to fluid penetration. This is primarily affected by w/cm 
and the composition of cementitious materials used in concrete. 
Eor a given w/cm, the use of fly ash, slag cement, silica fume, or 
a combination of these materials will typically increase the 
resistance of concrete to fluid penetration and thus improve 
concrete durability. The Code places emphasis on w/cm for 
achieving low permeability to meet durability requirements. 
A/T5 C1676 can be used to provide an indication of concrete's 
resistance to fluid penetration. Because it is difficult to verify 
accurately the w/cm of concrete, the selected value of fc' should 
be consistent with the maximum w/cm required for durability. 
Selection of an fc' that is consistent with the maximum 
permitted w/cm required for durability will permit results of 
strength tests to be used as a surrogate for w/cm, and thus help 
ensure that the maximum w/cm is not exceeded in the field. As 
stated in the footnote to Table 19.3.2.1, maximum w/cm limits 
are not specified for lightweight concrete because the amount of 
mixing water that is absorbed by the lightweight aggregates 
makes calculation of w/cm uncertain. Therefore, the requirement 
for a minimum fc' is used to ensure a high- quality cement paste. 
Exposure categories defined in Table 19.3.1.1 are subdivided 
into exposure classes depending on the severity of the exposure. 
Associated requirements for concrete relative to the exposure 
classes are provided in 19.3.2. The Code does not include 
provisions for especially severe exposures, such as acids or high 
temperatures. 

<yU^I aUJiaiMR19.3 - 
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Aj.inkj ^ AuluSh w/CItl cH 
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4 dJl£ dAA 

w/cm 

A / T5 C1676 ,ii .•'.i ab*.. a a .>iac 

Qa ^a.y'.tt Qa AJVj ^jlAal 

A^l ^ ‘fc 'd dAA^.All A Aja\t w/cm 

^ f(; ' jU^I .^LLail u^^llxall w/cm 

in* 11 ^LLall u^^llxail \y / (;in Aj 
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^ V ‘19.3.2.1 tp! ^ J^sia jA US. JiaJl / Cm 

jalSJl dLiA A^^ a ajaA AJUjj^II w/cm AjA^ AjA^ 
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Saj^I AjSlaajii A b-va jl - a-' ^aSII AaJI Jaja^ 

SAu ijlCr AUacVb jaSh UUS 19.3.1.1 SAAa-ah ^jjlHI 

UUU A u in'L Aja^j.all Ubllalah ^ 

ji (j^U&Sh tAjAuh (jaajjuib A-adU ^LS^i AjSlI i^aSJu V. 19.3.2 

.AxljjAil CjUjA 
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R19.3.1 Exposure categories and classes 

The Code addresses four exposure categories that affect the 
requirements for concrete to ensure adequate durability: 
Exposure Category F applies to exterior concrete that is 
exposed to moisture and cycles of freezing and thawing, with 
or without deicing chemicals. 

Exposure Category S applies to concrete in contact with soil 
or water containing deleterious amounts of water- soluble 
sulfate ions. 

Exposure Category W applies to concrete in contact with water 
but not exposed to freezing and thawing, chlorides, or sulfates. 
Exposure Category C apphes to nonprestressed and 
prestressed concrete exposed to conditions that require addi¬ 
tional protection against corrosion of reinforcement, severity of 
exposure within each category is defined by classes with 
increasing numerical values representing increasingly severe 
exposure conditions. A classification of 0 is assigned if the 
exposure severity has negligible effect (is benign) or the 
exposure category does not apply to the member. 

Exposure Category F: Whether concrete is damaged by 
cycles of freezing and thawing depends on the amount of 
water in the pores of the concrete at the time of freezing 
(Powers 1975). The amount of water present may be 
described in terms of the degree of saturation of the 
concrete. If the degree of saturation is high enough, there 
will be sufficient water in the concrete pores to produce 
internal tensile stresses large enough to cause cracking when the 
water freezes and expands. The entire member need notbe 
saturated to be susceptible to damage. For example, if the top 10 
mm of a slab or outer 6 mm of a wall is saturated, those portions 
are vulnerable to damage from freezing and thawing, regardless 
of how dry the interior may be. 


tllUSj '-'I R19.3.1 

jl iliUUala jjjj 

ijiC' p (jdjxih 

dLuil ji §1 (3^1^ 

.^Lall tllliiu dlUjji lyt ajLd CjLuS 

V ‘S'j ijlC' \y ijdajul\ j'b" 

ji ji 

^"‘■j ^ c 3 .'^" 

^ SAuSI ^Luaj ‘/'b" 

Sjjljla ^ tlilj tliUS fjM U 

alu bul£ Ul 0 ‘ 

biljjJ ‘biJajiu ^ bul£ |j|; p 4JS 

iliij ^ ^ dLMll ApUXj 

|j|, <Ll.aS ‘ ‘■''J cA^.(1975 

CjLaLuMll ^ A^l£ dLu iilUib jjSj,.. Loj ^u^ll ilul£ 

JA&ij A.a^ In') A^l£ aj^ AjI^IJ Au 

j a'*" A^jfr UJ% V AldSla .aU^I 

lAxaAa jlA^I 0^ ^ 6 Aja!:Lll o>a ^ 10 )A) iJbAll 

j±a ^ .iu^l ^bll jjball A,bajX4 aAA 
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For any portion of a member to be resistant to freezing and 
thawing, that portion of the concrete needs to have sufficient 
entrained air and adequate strength. Adequate strength is 
obtained by requiring a low w/cm, which also reduces the pore 
volume and increases resistance to water penetration. Entrained 
air makes it more difficult for the concrete to become saturated 
and allows for expansion of the water when it freezes. 

^jlAa ^ 

(j >4 Uaji L4.4 ( w/cm ulia CfiLS 

.dU-oll 



Exposure class varies with degree of exposure to water, as this 
will influence the likelihood that any portion of the concrete will 
be saturated when exposed to cyclic freezing and thawing. 
Conditions that increase the potential for saturation include 
longer-duration or more-frequent contact with water without 
intervening drainage or drying periods. The likelihood that 
concrete in a member will be saturated depends on project 
location, member location and orientation in the structure, and 
climate. Records of performance of similar members in existing 
structures in the same general location can also provide 
guidance in assigning exposure classes. 

IjlC' liUj (2)^ ^ ‘ 

J^Sll j\ J.5I3VI Qa Jjjj JajjAllI 

JLa^l jj ^Lalb 

I nit nil ^ j.>idUxll ^LLaj ka ^ 

^ tliLulall ^ jaAaC- jSjJ C^AJ 


CjU£ Ca^ CjbLujI LJaj\ ^Ixll 
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Exposure Category F is subdivided into four exposure 
classes: 

(a) Exposure Class FO is assigned to concrete that will not be 
exposed to cycles of freezing and thawing. 

(b) Exposure Class FI is assigned to concrete that will be exposed 
to cycles of freezing and thawing and that will have limited 
exposure to water. Limited exposure to water implies some 
contact with water and water absorption; however, it is not 
anticipated that the concrete will absorb sufficient water to 
become saturated. The licensed design professional should 
review the exposure conditions carefully to support the 
decision that the concrete is not anticipated to become 
saturated before freezing. Even though concrete in this 
exposure class is not expected to become saturated, a 
minimum entrained air content of 3.5 to 6 percent is required 
to reduce the potential for damage in case portions of the 
concrete member become saturated. 

(c) Exposure Class F2 is assigned to concrete that will be exposed 
to cycles of freezing and thawing and that will have frequent 
exposure to water. Frequent exposure to water implies that 
some portions of the concrete will absorb sufficient water such 
that over time they will have the potential to be saturated 
before freezing. If there is doubt about whether to assign 
Exposure Classes El or F2 to a member, the more 
conservative choice, F2, should be selected. Exposure Classes 

El and F2 are conditions where exposure to deicing chemicals 
is not anticipated. 

(d) Exposure Class F3 is assigned to concrete that will be exposed 
to cycles of freezing and thawing with the same degree of 
exposure to water as Exposure Class F2. Additionally, 
concrete in Exposure Class F3 is anticipated to be exposed to 
deicing chemicals. Deicing chemicals can increase water 
absorption and retention (Spragg et al. 2011), which would 
enable the concrete to become saturated more readily. 

Table R19.3.1 provides examples of concrete members for each of 
these exposure classes. 

diUS ^ji p Aii «■"»" 
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.1 PI ^ 

-'I w ..'1 

^ iiiUj ‘^Ldl (j-'l ^ 

t A pLaII Qa ^ 
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lyi iAuAa 9JA ^ 

ujllaA Z6 u^\ 3.5 

JaOJC’ 

(jiajajlu P2 ^ (^) 

flAll jj^IaII jaauj .^LaII jj£1aII ijlajflul] jjSj... 

jjjA ^ Aji ^l£ll ^LaII 0^ l^! 

iJj La Ji^ iilu tilUA tJl djjill 2x0^1 “ 

jUaJi jjjaj; ijAnift ij.\ P2 ji Exposure El ‘^'-*2 ^jis 

L^ ibVLsJl F2 J El o! .F2 daiaJi jjSSII 

Aa^aII 

diljjAl I. ^Laj^ P3 0:!^ ^ ifi) 

(_y!l AiLbaVlj .Exposure Class F2 (‘CJl a^jj (jaiL 

P3 ^ ^ JjaoaJI ^jIaII ^ iiillj 

^j^U^IaI dJbJ AJjjaII A^Ua^I ,AaaaII ^IjSl A jjl ..jSU 
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Table R19.3.1—Examples of structural members in Exposure 
Category E 

^ ^ <Ulai R19.3.1 - 


Exposure 

class 

Examples 

FO 

• Members in elimates where freezing temperatures will 
not be encountered 

■ Members that arc inside structures and will not be 
exposed to freezing 

• Foundations not exposed to freezing 

• Members that arc buried in soil below the frost line 

FI 

■ Members that will not be subject to snow and ice accu¬ 
mulation. such as exterior walls, beams, girders, and slabs 
not in direct contact with soil 

■ Foundation walls may be in this class depending upon 
their likelihood of being saturated 

F2 

* Members that will be subject to .snow and ice accumula¬ 
tion. such as exterior elevated slabs 

• Foundation or ba.scmcnt walls extending above grade 
that have snow and ice buildup against them 

■ Horizontal and vertical members in contact with soil 

F3 

• Members exposed to deicing chemicals, such as hori¬ 
zontal members in parking structures 
■ Foundation or ba.scmcnt walls extending above grade 
that can experience accumulation of .snow and ice uith 
deicing chemicals 


Exposure Category S is subdivided into four exposure classes: 

(a) Exposure Class SO is assigned for conditions where the 
water-soluble sulfate concentration in contact with concrete is 
low and injurious sulfate attack is not a concern. 

(b) Exposure Classes SI, S2, and S3 are assigned for structural 
concrete members in direct contact with soluble sulfates in soil 
or water. The severity of exposure increases from Exposure 
Class SI to S3 based on the more critical value of measured 
water-soluble sulfate concentration in soil or the 
concentration of dissolved sulfate in water. 

Seawater exposure is classified as Exposure Class SI. 

J^jj yjll Lijjlall SO ^ UA!*J (!) 

j^Uxl S3 j S2 j SI cjUs 

dAu jIjjj .ftAll ji ^jiili ^ JL^I 

jjSjjJ jjsyi iLajili ^Uj S3 (^! SI o* j*Hl Cy> ifo jjuli 

CdUrf fLall ^ 

■SI ‘ ,^Lall 
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Exposure Category W is subdivided into two exposure classes: 

(a) Members are assigned to Exposure Class WO if they are dry 
in service or in contact with water, but there are no specifc 
requirements for low permeability. 

(b) Members are assigned to Exposure Class W1 if there is need 
for concrete with low permeability to water and the penetration 
of water into concrete might reduce the durability of the 
member. An example is a foundation wall below the water table. 

lljia jjlHI ija Cii^ W ^ ‘ 

^ j\ ^.1^1 ^ I jj '\Y0 ^ ij^\ (K 

.t-ia-vt., jtill ■■•iI i'll*.. V ‘ ^ 

Cj|j lilUA tlul£ |j| ^ j.>idUxll ^ 

dljAll pLaII a .>ia-v*A 

dL^l Jiuj iillj JIaa 

Exposure Category C is subdivided into three exposure 
classes: 

(a) Exposure Class CO is assigned if exposure conditions do not 

require additional protection against the initiation of corrosion 
of reinforcement. 

(b) Exposure Classes Cl and C2 are assigned to nonprestressed 
and prestressed concrete members, depending on the degree of 
exposure to external sources of moisture and chlorides in 
service. Examples of exposures to external sources of chlorides 
include concrete in direct contact with deicing chemicals, salt, 
salt water, brackish water, seawater, or spray from these sources. 

^Uial ^La^ V uijjia tIulS |j| CQ CHi^ (K 

.^aIaaaII j£Li f Jj jAd 

A^aaaa jAdUxll Q2 J Cl tliUi ^ (u) 

jJLaaI ^ ‘" -j 

jJI iriA' ijiC’ ^JIaSII Jaa^j ^ 

JIjaII ^ JAaL^ JLa^I ^LaAJ^I (J-AAAajJ ildljjjjlsh 

.jJI in a') 9 ^ (liljlaS ji 9^!Aj A^LaII sLaIIj ^IaIIj 
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19.3.2 Requirements for concrete mixtures 

mU>1I 19.3.2 

R19.3.2 Requirements for concrete mixtures— Tablel9.3.2.1 
provides the requirements for concrete on the basis of the assigned 
exposure classes. The most restric- tive requirements are 
applicable. Eor example, a member assigned to Exposure Class W1 

19.3.2.1 Based on the exposure classes assigned from Table 
19.3.1.1 , concrete mixtures shall conform to the most restrictive 
requirements in Table 19.3.2.1. 

and Exposure Class S2 would require concrete to comply with a 
maximum w/cm of 0.45 and a minimum fc' of 31 MPa because the 
requirement for Exposure Class S2 is more restrictive than the 
require- ment for Exposure Class W1. 

4 19.3.1.1 u-« ^'-la-ail '1 j'jj^119.3.2.1 

.19.3.2.1 ^ CaLUI^U 

^Lyuj^l jAjj 19.3.2.1 R19.3.2 

JjM ^^LaU^aaU 

Exposure Class j Exposure W1 ^ yl! ^ t-ilfaludi ijlldl 

fc 31 MPa 0.45 w/cm JaJl S2 

.W1 lyi S2 ^ i-ii AU*.. 

Exposure Classes El, E2, and E3: In addition to complying with a 
maximum w/cm limit and a minimum fc', concrete for members 
subject to freezing-and-thawing exposures is required to be air 
entrained in accordance with 19.3.3.1. Members assigned to 
Exposure Class E3 are additionally required to comply with the 
limitations on the quantity of pozzolans and slag cement in the 
composition of the cementitious materials as given in 26.4.2.2(b). 

The requirements for plain concrete members in Exposure Class E3 
are less restrictive because of the reduced likelihood of problems 
caused by reinforcement corrosion. The licensed design 
professional should consider the details of the minimal 
reinforcement to be included in plain concrete members to ensure 
that the less restrictive requirements are appropriate for the specific 
project. 

w/cm (j-asSri Jail JljlaVI (jil jiUiyij :E3 j E2 j El u^j*ill 

QjSil ujJjj Axuat^l j^UxU J^j i' fc ^JVI 

E3 '^ial J a'i j^UjlIi .19.3.3.1 4 llsj 

Ai^LiaVl 

^ !.(b) 26.4.2.2 Lai 4nM*iiVl jj ^ diAll 

JJiil lj]aj Jfli Exposure Class F3 ^ ^UujaJl j^Uxli 

J£ij 4.A&UI1 J£LaaI1 

^ ^ jb^Vl C)\ 

^jja^aU c^'l AUgAAU ^lAuai ^jUJI 4^Lyuj^| j,4^UxII 

Exposure Classes SI, S2, and S3: Table 19.3.2.1 lists the 
appropriate types of cement and the maximum w/cm and minimum 
fc' for various sulfate exposure conditions. In selecting cement for 
sulfate resistance, the principal consideration is its tricalcium 
aluminate (C3A) content. 

^ 4^UaI! 19.3.2.1 : S3j S2 j SI 

CiUjjjill j^l fc w/cm u-A iiuA4.uVI 

jLj&VI 

. tricalcium aluminate (C3A) 0^ 
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Exposure Class SI; ASTM C150M Type II cement is limited to a 
maximum C3A content of 8.7 percent and is acceptable for use in 
Exposure Class SI. Blended cements under ASTM C595M with the 
MS designation are also appropriate for use. since 2009, ASTM 
C595M has included requirements for binary (IP and IS) and 
ternary (IT) blended cements. The appropriate binary and ternary 
blended cements under ASTM C595M are Types IP, IS, and IT that 
includes the suffix (MS) as part of their designation, which 
indicates the cement meets requirements for moderate sulfate resis¬ 
tance. Under ASTM C1157M, the appropriate designation for 
moderate sulfate exposure is Type MS. 


:S1 ^ 

n ASTM C150M 

CjlajjiVl (2)1 l-iS .SI ^ ^ 8.7 o* C3A 

j»lft II 4 .Uiji uuUa MS 5r“ ASTM C595M laHa-dl 

(IS j IP) cjUllal, JUjL ASTM C595M ‘2009 

ASTM C595M Jalii-dl o! .(IT) 

Jjj U« I (> (MS) (^1 IT ‘ IS ‘IP 

ASTM C1157M (jSu rnmnSfl (2)1 

.MS ^..^1 (j^juU uiuHdl (2uj«''" (2)lS ‘ 

Exposure Class S2: ASTM C150M Type V cement is Mmited to a 
maximum C3A content of 5.0 percent and is acceptable for use in 
Exposure Class S2. The appropriate binary and ternary blended 
cements under ASTM C595M are Types IP, IS, and IT that include 
the suffix OH/4 as part of their designa- tion, which indicates the 
cement conforms to requirements for high sulfate resistance. Under 
ASTM C1157M, the appropriate designation for severe sulfate 
exposure is Type HS. 

(^ V u-> ASTM C150M j-ajSj :S2 ^ 

0\ .Exposure Class S2 Z5.0 ihj ^-aai .laj C3A 

‘ IS ‘IP ASTM C595M (>li2 iillLdI 

A, „vi (jsijj ijic. Lu i 1 ^ ^ H / 40 ( 2)■■'(^1 IT 

(2oj*'‘i* ‘ ASTM C1157M .^bdl cjjj^l ,-,i aU',., ^ 

.US ^^1 ^ dJl^l (j^jiull t.-i4jjU.4il 


Exposure Class S3: The Code allows the use of ASTM Cl SOM 
Type V Portland cement plus pozzolan or slag cement based on 
records of successful service, instead of meeting the testing 
requirements of 26.4.2.2(c). This alternative is also available for 
ASTM C595M binary and ternary blended cements with the (HS) 
suffix in their designation and for ASTM C1157M Type HS 
cements. 


ASTM C150M >^ 4 ^1 jjSll ; S3 ^ 

ji duAuSlI (_^l V 

lliui (l^a^l 1^ .(c) 26.4.2.2 jW^l (ijUUaid (2).4 Vaj i A.^.^Uil 

J (HS) i- ASTM C595M 

.ASTM C1157M Type HS 
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The use of fly ash (ASTM C618, Class F), natural pozzolans 
(ASTM C618, Class N), silica fume (ASTM Cl240), or slag 
cement (ASTM C989M) also has been shown to improve the 
sulfate resistance of concrete (Li and Roy 1986; ACl 233R; 
ACl 234R). Therefore, a footnote to Table 19.3.2.1 provides a 
performance option to determine the appropriate combinations of 
these materials as an alternative to use of the specific cement 
types listed. ASTM C1012M is permitted to be used to evaluate 
the sulfate resistance of mixtures using combinations of 
cementitious materials in accordance with 26.4.2.2(c). 

c (F . ASTM C 618 ) O! 

ji ‘ (ASTM C 1240 ) M j' ‘ (Class N ‘ASTM C 618 ) 

tlu (ASTM C 989 M) dt.A') rnmnSf) 
^ .(ACl 234 R i ACl 233 R ^ 1986 Li) 

pbi 19.3.2.1 i^\ ‘^41^ 

ASTIM C10121M ^1'Ay iiL ,d ‘“nrtt nVI ^1 At* nV 

J Aj11a4jjV1 ^ *1 ‘41..il., CjLLj^ ‘LajH.a 

.(c) 26 . 4 . 2.2 


Some ASTM C595M and ASTM C1157M blended cements can 
meet the testing requirements of 19.3.4 without addition of 
pozzolans or slag cement to the blended cement as manufactured. 
Beginning in 2012, ASTM C595M introduced requirements for 
Type IL cements that contain between 5 and 15 percent limestone 
and IT cements that contain up to 15 percent limestone. Current 
A/T5 C5955 requirements do not permit the moderate (MS) or high 
(HS) sulfate resistance designations for Type IT cements with more 
than 5 percent limestone or Type IL cements. 


^ ASTM C 1157 M j ASTM C 595 M 

.-.‘a,..( ft CaIaujVI ji 19.3.4 j4^VI CjUllald 

‘Iil . i Uaj A ASTM C595M ‘2012 U-> Jjc lajia-dl 

15 tr'! 5 IL (> ‘^jjAuiyi 

i-.ijtt.i',.. (jA ‘UIaIL 15 (.^1 IT ‘^aIawjIj 

(HS) ji (MS) cjLiu^b A / T5 C5955 

jl (^4 ‘UaII ^ 5 Cy* ^ IT ‘bl^lx.d 

.IL 


Note that sulfate-resisting cement will not increase resistance of 
concrete to some chemically aggressive solutions— for example, 
sulfuric acid. The construction documents should explicitly cover 
such cases. 

^jHa Qa JjjJ ^ CjLujJ^h ^jUaII ilUAUjVl (2)1 
4 JIaaII - 4^Lia^I 

Jll 
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Seawater is listed under Exposure Class S1 (moderate exposure) in 
Table 19.3.1.1, even though it generally contains more than 
1500 ppm S042 Portland cement with higher C3A content improves 
binding of chlorides present in seawater and the Code permits other 
types of Portland cement with C3A up to 10 percent if the 
maximum w/cm is limited to 0.40 (see footnote to Table 19.3.2.1.) 

‘ 19.3.1.1 SI ^ 

S042 1500 u-> j^' 

sLu iajj C3A ^ JJJ (IuauiI 

10 t#^! j-aj C3A iliLujiVl (> 4 jajll 

0.40 ^ ■^'^^^Iw/cin 4 ij\s Ij| ^Ldl ^ 

(.19.3.2.1 

In addition to the proper selection of cementitious materials, other 
requirements for durable concrete exposed to water-soluble sulfates 
are essential, such as low w/cm, strength, adequate consolidation, 
uniformity, adequate cover of reinforcement, and sufficient moist 
curing to develop the potential properties of the concrete. 

(IiLllalall lAjll&uiSh jLu^VI 

^ w/cm ^ .>ia-v*A JI4 ^ ^UiajXAll 

4^l£ll uLdlll 


Exposure Class Wl: This exposure class requires low 
permeability when in direct contact with water, and the primary 
means to obtain a concrete with low permeability is to use a low 
wicm. Eor a given wicm, permeability can be reduced by 
optimizing the cementitious materials used in the concrete mixture. 


lit ^ ,>iac;» ^jtij cj|j <LuLjiSh djLu^lj ifUll 

AjUIawjVI AjjL&III ^ wlctit i^\ .wfcin 

4jal^l ^ i <C*. ....'l 


Exposure Class C2: For nonprestressed and prestressed 
concrete in Exposure Class C2, the maximum wIcm, minimum 
specified compressive strength, and minimum cover are the 
basic requirements to be considered. Conditions should be 
evaluated for structures exposed to chlorides, such as in parking 
structures where chlorides may be tracked in by vehicles, or in 
structures near seawater. Coated reinforcement, corrosion- 
resistant steel reinforcement, and cover greater than the minimum 
required in 20.6 can provide additional protection under such 
conditions. Use of slag cement meeting ASTM C989M or fly 
ash meeting ASTM C618 and increased levels of specified 
compressive strength provide increased protection. Use of silica 
fume meeting ASTM Cl240 with an appropriate high-range 
water reducer, ASTM C494M, Types F and G, or ASTM 
C1017M can also provide additional protection (Ozyildirim and 
Halstead 1988). The use of ASTM C1202 to test concrete 
mixtures proposed for use will provide additional information on 
the performance of the mixtures. 
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Ajk ^ ^ »;■"'•j 4jnn'b ;C2 

i_gk ^Uac Jiij 1 .faLJall Jii t w/cm 4 ‘ C2 

(liLulaU <LuUjiVI biLiklall 

bdIjLujJI tlil nnfl ^ Jl^l ^ LaS 

^aLaUI dLu tijl nlM^I ^ jl 

jijj (2)1 20.6 ij^ UIJ.U 3 A.I) ujS^\ .1^1 ija j^i ‘j.iSaijj tjSLill ^jlL4l 

ASTM C989M >^U^I tluAui tlibLo^ .cijji^l »Ia (Jia ^ Ulual 

dJ.lA.ail iaLJail ilibjluaA dJbjj ASTM C61S JAll^loil jLajil ililxo^ 

ASTM -i Kjlj. .lU ^IJaIujI jfijd Q\ o^Aj .J^i ^boA jiji 

ji ‘ ASTM C494M ‘t»ib»il (^jluoail o^Llail ^.bail (jiaiAA ja C1240 
Ozyildirim and ) ^>-«>. ASTM C1017M ji ‘ G j F 

^UAjiil ^iLiiii jUaaI j aSTM C1202 0 ! .(Halstead 1988 

i-ilbil-vU ^ <U2Uial tliL4jia.A 4.AjlAail 

Chloride limits for Exposure Category C: Eor Exposure Classes 
CO, Cl, and C2, the chloride ion limits apply. Eor nonprestressed 
concrete, the permitted maximum amount of water-soluble 
chloride ions incorporated into the concrete, measured by ASTM 
C1218M at ages between 28 and 42 days, depends on the 
degree of exposure to an anticipated external source of moisture 
and chlorides. Eor prestressed concrete, the same limit of 0.06 
percent chloride ion by mass of cement applies regardless of 
exposure. 

Additional information on the effects of chlorides on the 
corrosion of steel reinforcement is given in ACl 2012R, which 
provides guidance on concrete durability, and ACl 222R, which 
provides guidance on factors that impact corrosion of metals in 
concrete. An initial evaluation of the chloride ion content of the 
proposed concrete mixture may be obtained by testing individual 
concrete ingredients for total chloride ion content. If total chloride 
ion content, calculated on the basis of concrete proportions, 
exceeds those permitted in Table 19.3.2.1, it may be necessary to 
test samples of the hardened concrete for water-soluble chloride 
ion content. Some of the chloride ions present in the ingredients 
will either be insoluble in water or will react with the cement 
during hydration and become insoluble under the test procedures 
described in ASTM C1218M. 

(>% ‘ C2j Cl J CO blUil AjoaHL; C ^ 

^ ‘" -■ j4dl 4 ..uju11j JjJa 

‘l-jj 42j 28 Oh (A ASTM C1218M joL 

Ajjla^ AajJ AAJdU 

uuiA Oji^^ ^iJJ^ 0^ ^LaIL 0,06 ^ ^Uaj^ 

A^Loal bjlA^^lxA ^ jl^l (joaaj CaIauSII 0^ 

fXs^ ibbLijl jSjj 1 ACl 2012R jaLaaII jaj^ JS'Ia 

Jjjj JaIjxII Jja. ibblAAjl jijA 1 ACl 222R J ‘ ^JLAjaJl JaHa 

(JJaI 'OAaSa ijiC’ JjAia.-xh ^I^aa .AaUa ^ ^JUlaII JSIj 

^Laj^I iliU^^La jIaa^I Cfi" ^JaAaII ^Laj^I bj\-v\ 

CAJgAf^Al) iJajj1£1I t^JA-^A.' 

(JA OJ^ ^ ^19.3.2.1 14 ^ ^J^AALaII iiUj Jjl^AA idJJ^ LAwlA ^IaajI 

(jbj^ JaI^I Jaj^^I^I ^ja^aI AaI^I ^Iaaj^I Qa CaIaa& 

^IajaU LaI CaIajLaII ^ biUjAl (Jasxa OJ^ .^bah ^ 

A^JAA (jbjjU ^AAdAJ ‘.■jbj*'! tlilAuSh ^ JcUaAaa ji ^LaII ^ 

.ASTM C1218M J jLuiVl CAblj^j 
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COMMENTARY 

When concretes are tested for water-soluble chloride ion content, 
the tests should be made at an age of 28 to 42 days. The limits in 
Table 19.3.2.1 are to be applied to chlorides contributed from the 
concrete ingredients, not those from the environment surrounding 
the concrete. Eor nonprestressed concrete that will be dry in service 
(Exposure Class CO), a limit of 1.00 percent has been included to 
control the water- soluble chlorides introduced by concrete-making 
materials. 


^ ^ La.ilC' 

42 28 j^! 

A^Ull iillj ^ ^LyuJ 19.3.2.1 

‘ AjmuIL .^Lbuj^L 

^ ^Loll ^ 1.00 djJfi ^ ^ (CO ^ 
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Table 19.3.2.1—Requirements for concrete by exposure class 


Exposure class 

Maximum 

Minimum MPa 

Aclditioual requirements 

Limits on cemeuti- 

tious materials 

Air couteut 

FO 

NA 

17 

NA 

NA 

FI 

0.55 

24 

Table 19.3.3.1 

NA 

F2 

0.45 

31 

Table 19.3.3.1 

N A 

F3 

0.40f-> 

35“ 

Table 19.3.3.1 

26.4.2.2(b) 


Cementitious materials^^^ — Tspes 

Calcium chloride 

admixture 

ASTM Cl SOM 

ASTM C595M 

ASTM C1157M 

SO 

N A 

17 

No type restiiction 

No type restiiction 

No type restriction 

No restriction 

SI 

0.50 

28 

ni-*][5] 

Types IP. IS. or 

IT with (MS) 
designation 

MS 

No restriction 

S2 

0.45 

31 

Vt51 

Types IP. IS. or 

IT with (HS) 
designation 

HS 

Not permitted 

S3 

0.45 

31 

V plus pozzolan or 
slag cemeut^^^ 

Types IP. IS, or IT 
with (HS) designa¬ 
tion plus pozzolan 
or slag cement^^^ 

HS plus pozzolan or 
slag cementl^l 

Not pennitted 


WO 

NA 

17 

None 

W1 

0.50 

28 

None 


Maximum water-soluble chloride ion 
(Cl") content in concrete, percent by 
weight of cement^^ 

Additional provisions 

Nonprestressed 

concrete 

Prestressed 

concrete 

CO 

NA 

17 

1.00 

0.06 

None 

Cl 

NA 

17 

0.30 

0.06 


C2 

0.40 

35 

0.15 

0.06 

Concrete cover^^^ 


[l]The maximum w/cm limits in Table 19.3.2.1 do not apply to lightweight concrete. 

[2] For plain concrete, the maximum w/cm shall be 0.45 and the minimum fc’ shall be 4500 psi. 

[3] Alternative combinations of cementitious materials to those listed in Table 19.3.2.1 are permitted when tested for sulfate resistance and meeting the criteria in 26.4.2.2(c). 

[41For seawater exposure, other types of portland cements with tricalcium aluminate (C3A) contents up to 10 percent are permitted if the w/cm does not exceed 0.40. 

[5] Other available types of cement such as Type I or Type III are permitted in Exposure Classes SI or S2 if the C3A contents are less than 8 percent for Exposure Class SI or less than 
5 percent for Exposure Class S2. 

[6] The amount of the specifc source of the pozzolan or slag cement to be used shall be at least the amount that has been determined by service record to improve sulfate resistance 
when used in concrete containing Type V cement. Alternatively, the amount of the specifc source of the pozzolan or slag cement to be used shall be at least the amount tested in 
accordance with ASTM C1012 and meeting the criteria in 26.4.2.2(c). 

[7] Water-soluble chloride ion content that is contributed from the ingredients including water, aggregates, cementitious materials, and admixtures shall be determined on the concrete 
mixture by ASTM C1218 at age between 28 and 42 days. 

[8] Concrete cover shall be in accordance with 20.6. 


ijLuijiJI (jIp 19.3.2.1 SJjIjII w/cm JjJajj V [1] 

. MPa 31fc CiAj w / cm 0.45 cj-aSi [2] 

.(^) 26.4.2.2 19.3.2.1 ^ a(ill) AjaIaauVI ^ UjJj [3] 

■w / cm 0.40 jjlai |jj ZlO (tricalcium aluminate (C3A CiLuaVI ijaJI aLwl Jl»jj Ui [4] 

Exposure 4 Z8 0* C3A liuli lij S2 ji SI I^J ji JjVI J" i 'u a.jVI Ci* jiVi [5] 

■Exposure Class S2 4 ijUlL 5 (> ji Class SI 

Laaic (Jaaa AIsauIjj ^ AaaSII ^ JSVI A AaaS CxS^ 0^ [6] 

aJ sVI ^ iJIiIamiI ji 4^^ CXS^ ^ ^ .V ^ 

.(c) 26.4.2.2 jJjla-41 flil-lj ASTM C1012 UasIjaU Usj 

^ ^L4ayi jIjaIIj (AjaIaauVI LaII Laj CjUjSAll ^ ^LaII JjUII CjUjji (7] 

.Lajj 42j 28 oAJ ASTM C1218 
.20.6 4 USj f Uakll QjSj [8] 
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CODE 

19.3.3 Additional requirements forfreezing-and-thawing 
exposure 

jdjAikU mU}! 19.3.3 

19.3.3.1 Normalweight and lightweight concrete subject 

to freezing-and-thawing Exposure Classes El, E2, or E3 
shall be air entrained. Except as permitted in 19.3.3.3, air 

content shall conform to Table 19.3.3.1. 

b 4.Jajx.4 19.3.3.1 

^ Aj jA La fLululj 4.uja.4 P3 F2 FI CjUi 

.19.3.3.1 jji^ cl* ‘ 19.3.3.3 

Table 19.3.3.1—Total air content for concrete exposed to cycles 
of freezing and thawing 

^La^VI - 19.3.3.1 


Table 19.3.3.1—Total air content for concrete 
exposed to cycles of freezing and thawing 


Nominal maximum 
aggregate size, mm 

Target air content, peivent 

FI 

F2 and F3 

9.5 

6 

7.5 

12.5 

5.5 

7 

19.0 

5 

6 

25.0 

4.5 

6 

.57.5 

4.5 

5.5 

50 

4 

5 

75 

.5.5 

4.5 


19.3.3.2 Concrete shall be sampled in accordance with ASTM 
C172M, and air content shall be measured in accordance with 
ASTM C231M or ASTM C173M. 

‘ ASTM C172M o- 19.3.3.2 

ASTM ji ASTM C231M (_pLi 

.C173M 


19.3.3.3 For fc' exceeding 35 MPa, reduction of air content 
indicated in Table 19.3.3.1 by 1.0 percentage point is permitted. 

f (j^ (■ JLLyjL 35 fc' 0^ |j! 19.3.3.3 

,Aj d^lj AJaij jjjiaj 19.3.3.1 


19.3.3.4 The maximum percentage of pozzolans, including fly 
ash and silica fume, and slag cement in concrete assigned to 
Exposure Class F3, shall be in accordance with 26.4.2.2(b). 

jLajII iillj ^ laj Ajjiail A-ujuII 19.3.3.4 

i ..'t ^ tluAulij 'ISa. ,|'I tjiLjij jjUaloll 

.(b) 26.4.2.2 Sjiill J Jjb > U1 Uaj . F3 


COMMENTARY 



R19.3.3.2 The sampling of fresh concrete for acceptance based on 
air content is usually performed as the concrete is discharged from a 
mixer or a transportation unit (for example, a ready mixed concrete 
truck) to the conveying equipment used to transfer the concrete to 
the forms. ASTM C172M primarily covers sampling of concrete as 
it is discharged from a mixer or a transportation unit, but recognizes 
that specifications may require sampling at other points such as 
discharge from a pump. Table 19.3.3.1 was developed for testing 
as-dehvered concrete. ASTM C231M is applicable to normalweight 
concrete and ASTM C173M is applicable to normalweight or 
lightweight concrete. If the licensed design professional requires 
measurement of air content of fresh concrete at additional sampling 
locations, such requirements should be stated in the construction 
documents, including the sampling protocol, test methods to be 
used, and the criteria for acceptance. 

sJlft 4^jUall 4jLjijaJl Cil^ R19.3.3.2 

U^) ji labl.kll ^jSu ^ ba 

i.. <.v*. ,,..'1 Jilll tIi|Jx.a (b'4'l ^ ‘-^1 ■" 

juj ibLuft jii Ji4u ASTM C172M 

'/'b" ‘S'j lJUl ji labial y 

19.3.3.1 JjJadl jU .A:i.baAll y jjjiSIl Ji« Llli y 

iblj 4JL-jadl yc. Jjjklil 4jjli ASTM C231M .b«.Ailuu ^ JjL-jill 

(iiaklil iAJl ASTM C173M ojjll 

Ijjiy i_41aj bl .1 aja.v'1 j| 

y CjUUalall aJA jSj y ^jUall 

.Jj^l A..aU jb^^t iCjUjxll iillj y baj 

R19.3.3.3 This section permits a 1. Opercentage point lower air 
content for concrete with fc' greater than 35 MPa. Such higher- 
strength concretes, which have a lower w/cm and porosity, have 
greater resistance to cycles of freezing and thawing. 

y Ajjxa AJaij i JaI ^ajmj R19.3.3.3 

i^bdl cjb ibbbjjj^l .MPd 35 y fc' ^ ^bjj^)^II 

.^^bjillj i A^bj^llj w/cm 0*^ 

R19.3.3.4 This provision is intended for application during concrete 
mixture proportioning. The provision has been duplicated in 
26.4.2.2(b). Additional commentary information is presented in 
Chapter 26. 

jlj£j ^ n fbj| IIA ‘ R19,3.3.4 

.26 y ^bbaVI biLl.'k.'i.l) bibajk.a ^ .(v) 26.4.2.2 y 
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19.3.4 Alternative eombinations of eementitious materials for 
sulfate exposure 

jj^ 19.3.4 


19.3.4.1 Alternative combinations of cementitious materials to 
those listed in 19.3.2 are permitted when tested for sulfate 
resistance. Testing and acceptance criteria shall conform to Table 
26.4.2.2(c). 

^ dj^xoll ^ 1-4~3~19 

19.3.2 

.(Z) 2-2-4-26 Jj-iaJl 

19.4—Grout durability requirements 

19.4.1 Water-soluble chloride ion content of grout for bonded 
tendons shall not exceed 0.06 percent when tested in accordance 
with ASTM C1218M, measured by mass of chloride ion to mass 
of cement. 

19.4 

^ ^LaII '' ^ 19.4.1 

SJaSj ^.uiliA I ASTM C1218M 4 ^c- Zo.06 ^j-i' 

.rnAiiiSf) AIaS 


CHAPTER 20-STEEL REINFORCEMENT PROPERTIES, 
DURABILITY, AND EMBEDMENTS 

ijfljWaa - 20 


20.1 —Scope 

20.1.1 This chapter shall apply to steel reinforcement, and shall 
govern (a) through (c): 

(a) Material properties 

(b) Properties to be used for design 

(c) Durability requirements, including minimum specified cover 
requirements 

J4-41 20.1 

);^) ‘ Ija (3^^20.1.1 

JIjaII (jnil (1^ 

-^-‘^'■'1 ^ 1^ ..t <4*. iiV ...,4 

fUaall tliUUalAl < w ..'I i41j ^ Laj i^HaII CiLllalA 

20.1.2 Provisions of 20.7 shall apply to embedments. 

.embedments 20.7 20.1.2 


COMMENTARY 

R19.3.4 Alternative combinations of cementitious materials for 
sulfate exposure 

cjljjjjSil ^ ..yt R19.3.4 

R19.3.4.1 This provision is intended for application during concrete 
mixture proportioning. The provision has been duplicated in 
26.4.2.2(c). Additional commentary information is presented in 
Chapter 26. 

jIjSa ^ uajiLu jJaaIsaII .. R19.3.4.1 

.26 CiLlikil) (liLajkA fij .(c) 26.4.2.2 


R20-STEEL REINFORCEMENT 
PROPERTIES, DURABILITY, AND EMBEDMENTS 

Ciitlirtill <yU»j jdiLdft - R20 


R20.1 —Scope 

R20.1.1 Materials permitted for use as reinforcement are specified. 
Other metal elements, such as inserts, anchor bolts, or plain bars for 
dowels at isolation or contraction joints, are not normally 
considered reinforcement under the provisions of this Code. Fiber- 
reinforced polymer (FRP) reinforcement is not addressed in this 
Code. ACI Committee 440 has developed guidehnes for the use of 
FRP reinforcement (ACI 440.IR and 440.2R). 

JMl R20.1 

A^JxaII jAdUxh jjkj V 1^ ..I <4*. Ill j ^jauiaII JIjaII JjJki ^ R20.1.1 

Ak jjLaSU j,uLaaj iiliVtkjyi 

^aLau A^Ixa ^ V U^J.AJ ji JJidI 

ACI 440 ^4^ iljauSaj .Jjill lAA ^ (FRP) ciUlSlb ^LaiaII 
.2R).0(ACI 440.1R and 44 FRP 
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20.2—Nonprestressed bars and wires 

jitt S^****! ~ 20.2 

20.2.1 Material properties 

JIjaII (_ya.iL.iaA 20.2.1 

20.2.1.1 Nonprestressed bars and wires shall be deformed, except 
plain bars or wires are permitted for use in spirals. 

pUalujL i^jlA.4 iil^LyjVlj Cx3^ ‘ 20.2.1.1 

.(^jjlAll (^ L^IJaIuL ^Jblll lil^LuSlI ji (2)i 

20.2. 1.2Yield strength of nonprestressed bars and wires shall be 
determined by either (a) or (b): 

(a) The offset method, using an offset of 0.2 percent in 
accordance with ASTM A370 

(b) The yield point by the halt-of-force method, provided the 
nonprestressed bar or wire has a sharp-kneed or well- defined 
yield point 

(jLAAa^l (jA ajiAj ^ 20.2.1.2 

■M -5' (') 0- 

ASTM 4jL»11 (^ 0.2 > (i) 

A370 

ijMM j\ ubia^l 0^ 4jaij 

4jaij 


COMMENTARY 

R20.2—Nonprestressed bars and wires 

Jlteiil ~ R20.2 

R20.2.1 Material properties 

sJLdl o-a^L^aa. R20.2.1 


R20.2.1.2 The majority of nonprestressed steel bar reinforcement 
exhibits actual stress-strain behavior that is sharply yielding or 
sharp-kneed (elasto-plastic stress-strain behavior). However, 
einforcement products such as bars of higher strength grade, steel 
wire, coiled steel bar, and stainless steel bars and wire generally do 
not exhibit sharply- yielding stress-strain behavior, but instead are 
gradually-yielding. The method used to measure yield strength of 
reinforcement needs to provide for both types of reinforcement 
stress-strain relationships. A study (Paulson et al. 2013) considering 
reinforcement manufactured during 6778 through 6716 found that 
the offset method, using an offset of 7.6 percent, provides for a 
reasonable estimate of the strength of reinforced concrete 
structures. The yield strength is determined by the manufacturer 
during tensile tests performed at the mill on samples of 
reinforcement. Test methods for determining yield strength of steel, 
including the offset method and yield point by halt-of- force 
method, are referenced either in the ASTM standards for 
nonprestressed bars and wire or in ASTM A37 OTest methods and 
Definitions. 

- iHjLa (Jjaau jaII „*U JjJa ^LajiI R20.2.1.2 

tliUj JlxLi - liljluj jIaII ji jIa (J£a^ (^ jll Jlxiji 

"*'l (IiIaJUs (jl£ 

^\£‘ (JSa^ ^ JlxijVl (J.4 (^JV^ 

(2)1 (J£a^ ^ t<'j iJUAli - JI^aI £^jaAA 

ijA ^ „ni ^Lul tjs (jjiLi^ 3 A<4 *.„a'i 

i^\ ‘(Paulson et al. 2013) ^lj-“ 

i4AlJYl ^jia (2)i ‘6716 6778 O* »‘iiuluaj ^ (^jll 

iljl jdjj 7.6 

14^1 ililjLil&l fUj| ^ dji ^ 

jb^Vl (j^\ djLwtyi ^ ^ 

^ j a Aiaijj ^IjVI ^ boj 

^IjMdbU ASTIVl J:^bL4 ^ Lai tdj^l ciUjI AljjJa 
.uLjLlUIj jbAAVI (i>ASTM A370 J ji 
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20.2.1.3Deformed bars shall conform to (a), (b), (c), (d), or (e): 
ASTM A615M - carbon steel 

ASTM A776M - low-alloy steel 

ASTM A996M - axle steel and rail steel; bars from rail 
steel shall be Type R 

ASTM A955M - stainless steel 

ASTM A1035M - low-carbon chromium steel 

R20.2.1.3 Low-alloy steel deformed bars conforming to ASTM 
A706M are intended for applications where controlled tensile 
properties, restrictions on chemical composition to enhance 
weldability, or both, are required. Rail-steel deformed bars used 
with this Code are required to conform to ASTM A996M, including 
the provisions for Type R bars. Type R bars are required to meet 
more restrictive provisions for bend tests than other types of rail 

j' (■“) (Z) -j' (“) (*) t* 20.2.1.3 

- ASTM A615M (i) 
(jiiila jVji - ASTM A776M (‘j) 
ds-Jl JJ^I jVja - ASTM A996M (j) 

R Cy> jV.^1 0^ 

ii-all - ASTM A955M (J) 

oiijSll jVja - ASTM A1035M (») 

steel. Stainless steel deformed bars are used in applications where 
high corrosion resistance or controlled magnetic permeability are 
required. Low-carbon chromium steel is a high-strength material 
that is permitted for use as transverse reinforcement for 
confinement in special earthquake-resistant structural systems and 
spirals in columns. Refer to Tables 67.6.6.4a and b. ASTM 
A1035M provides requirements for bars of two minimum yield 
strength levels-700 MPa and 830 MPa -designated as Grade 690 
and Grade 830, respectively, but the maximum fyt permitted for 
design calculations in this Code is limited in accordance with 
20.2.2.3. 

20.2.1.4 Plain bars for spiral reinforcement shall conform to 
ASTM A615M, A706M, A955M, or A1035M. 

ASTM -1 djU-ill uiLoll ^ R20.2.1.3 

A706M 

^LauVI .Ia^.^ ji jjjiaill ^La^I 

R .R ‘ ASTM A996M 

iilLyiill j^j ^ 

iiiiAiJailll ^ jV.^1 Cy* ^ 

^LajI ^ AJIa 

j a 67.6.6.4 .Sa^c-VI 4_waL^l JJVjH 

- hxj)lA JflV 0:1 Jj1aa CjIj ^U-uVl ilaUlklA ASTM A1035M .b 

830 690 ^ - JliwL 830 j 700 

^ Aj Jail ‘i^lj^l 

.20.2.2.3 -1 liaj »jja- 

R20.2.1.4 Plain bars are permitted only for spiral reinforcement 

^.ijUxa 20.2.1.4 

.A1035M j» A955M j» A706M j» ASTM A615M 

used as transverse reinforcement for columns, transverse 
reinforcement for shear and torsion, or confining reinforcement for 
splices. 

20.2.1.5 Welded deformed bar mats shall conform to ASTM 
A184M. Deformed bars used in welded deformed bar mats shall 
conform to ASTM A615M or A706M. 

ia^ ^Jbdl R20.2.1.4 

^ ililAJdLwdVI 20.2.1.5 

^^Uaiu .ASTM A184M 

.A706M j» ASTM A615M ^ 
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20.2.1.6 Headed deformed bars shall conform to ASTM A970M, 
including Annex A1 requirements for Class HA head dimensions. 

‘ ASTM A970M ^ jaljjj 20.2.1.6 

,[JA JUjSI A1 iljUIlalA iillj ^ Laj 


20.2.1.7Deformed wire, plain wire, welded deformed wire 
reinforcement, and welded plain wire reinforcement shall conform 
to (a) or (b), except that yield strength shall be determined in 
accordance with 20.2.1.2; 

A1064M - carbon steel 
A1M22M - stainless steel 

(iliUSlI liliUSllj Jjjia-dl libL^STl 20.2.1.7 

^ AjI Lo^ ( jl ^ lilLyill 

:20.2.1.2 -1 4.AjliA 

‘4-ah - A1064M (i) 

ii-ill (.jHaII jVjill - A1M22M (‘j) 


20.2.1.7. IDeformed wire si&es MD25 through MD200 shall be 
permitted. 

.MD200 MD25 0 - ^Sll 5 .^ 20.2.1.7.1 


COMMENTARY 

R20.2.1.6 The limitation to Class HA head dimensions from Annex 
A1 of ASTM A970M is due to a lack of test data for headed 
deformed bars that do not meet Class HA dimensional 
requirements. Heads not conforming to Class HA limits on bar 
deformation obstructions and bearing face features could cause 
unintended splitting forces in the concrete that may not be 
characteristic of the heads used in the tests that were the basis for 
25.4.4. Eor heads conforming to Class HA dimensional 
requirements, the net bearing area of the head can be assumed to be 
equal to the gross area of the head minus the area of the bar. This 
assumption may not be valid for heads not conforming to Class HA 
dimensional requirements. 

ASTM c> A1 (jalAll hA (jaij Jlxj'l ijl\ R20.2.1.6 

V (^1 jh bi|j ^jUa^I biULu A970M 

(jA ha AIjUxaII .HA JIaaVI ilibllalAA 

^ Ja^ a ;jU ..'I (JaIjc 

^ 2 „a'I CiJ^ ^ X <j.^a» jjC 

1 -j ab*;.. ^ A..UA.tIlA .25.4.4 4 UaLuI cajI£ ^IjIjIa^VI 

a^Laa AjAt ^L4AAil ^ HA ‘ Abui 

(j^IjaSVI IAA V .^^aaaII ^Uaa L^Ia (JaIjU ^LuaU 

,HA (ja AbuVI ilibllalAl A 

R20.2.1.7 Plain wire is permitted only for spiral reinforcement and 
in welded plain wire reinforcement, the latter of which is 
considered deformed. Stainless steel wire and stainless steel welded 
wire reinforcement are used in applications where high corrosion 
resistance or controlled magnetic permeability is required. The 
physical and mechanical property requirements for deformed 
stainless steel wire and deformed and plain welded wire 
reinforcement under ASTM A1022M are the same as those for 
deformed wire, deformed welded wire reinforcement, and plain 
welded wire reinforcement under ASTM A1064M. 

iillwill .I*; .i'<U A y ,.U1 j baA ^Atxll iilfrjJtA ^ AI in R20.2.1.7 

J^Vl aV..^! <45bAi ^Ia^I^aI ^ j^Vl ja^ t ^Alxll 

I I'by ‘•'ll aj;b*'l ^ JiSh A JUAjI 

A I il * CALA^sbdl 2,J^^A AtAhAillsLjdLA A^ALAJ A a^I a a 

tliaJi ^Alxll A Aj.y'i.'t iA£;LaS11a ^i^AaIIj Jbiijl JiSh a tjU ..'l iAJsLa^ 

lifcbAVl diLASriA JaasUII lillis l^AAij ASTM A1022M 

.ASTM A1064M ca^ a ^Abdl bl^bAVlj -a*j\.va 

R20.2.1.7.1 An upper limit is placed on the size of deformed wire 
because tests (Rutledge and Devries 2002) have shown that MD290 
wire will achieve only approxi- mately 60 percent of the bond 
strength in tension given by Eq. (25.4.2.3a). 

litjl^Vl tji JjjlaAdl dllAASfl Ijk. (_y-aai A^ ^ R20.2.1.7.1 
iaSa jiaj Li^ MD290 ^La (Rutledge and Devries 2002) 

.(a25.4.2.3) <LiiaiCA j^aII Aa^i ^ Jajl jaII SjS ^ JjLdl ^ 50 
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20.2.1.7.2 Deformed wire si&es larger than MD200 shall be 
permitted in welded wire reinforcement if treated as plain wire for 
calculation of development and splice lengths in accordance with 
25.4.7 and 25.5.4, respectively. 


(J MD200 ^>-41 fLL 20.2.1.7.2 

ijiC' ^ 

. Jljai ^ 25.5.4 j 25.4.7 -1 lisj J1 jlaij 


20.2.1.7. 3Except as permitted for welded wire reinforcement 
used as stirrups in accordance with 25.7.1, spacing of welded 
intersections in welded wire reinforcement in the direction of 
calculated stress shall not exceed (a) or (b): 

400 mm for welded deformed wire reinforcement 

300 mm for welded plain wire reinforcement 


2 * iil^LyuVI Aj jA La f-LulyuL 20.2.1.7.3 

iil^LyuSfl ^ CjUialljll ^2):U t 25.7.1 

ji Vi JaxA^I dl^l ^ 

iil^LyuVI 400 (‘^) 

iil!)LyuSl't 300 (^) 


20.2.2 Design properties 

20.2.2 

R20.2.2 Design properties 

iftitfttfiill ijfliWaa R20.2.2 

20.2.2. IFor nonprestressed bars and wires, the stress below fy 
shall be Es times steel strain. Eor strains greater than that 
corresponding to fy, stress shall be considered inde- pendent of 
strain and equal to fy. 

R20.2.2.1 Eor deformed reinforcement, it is reasonably accurate to 
assume that the stress in reinforcement is proportional to strain 
below the specified yield strength fy. The increase in strength due 
to the effect of strain hardening of the reinforcement is neglected 
for nominal strength calculations. In nominal strength calculations. 

20.2.2.1 

iillj ^ AxyallL Jlxijl ^ aUjt 

.fy. J ^jLbu.aj JlxLVl Cfi" 

the force developed in tension or compression reinforcement is 
calculated as; 

^jjaj ^j^xa ^ AjajuIL R20.2.2.1 

fy ^ Jii JbiijbU UfyuJ 

iliLLyu^ ^ JlxijVI ^jIaaII ^ dJbJII JLaAI 

ji ^ dj^^laAll dj^l uLyu^ ^ ^jHaII ^LLyu^ ^ .AjamjVI 

20.2.2.2Modulus of elasticity, Es, for nonprestressed bars and 
wires shall be permitted to be taken as 200,000 MPa. 

I^Ull LxJill 

if £, < Sj. (yield strain) 

(ifcLyuSflj (ifcLyubU t ES ‘ J.4L*-a (2)'^ 4*^ 20.2.2.2 

.MPa 200000 ^ 

if £v > £y 

20.2.2.3 Yield strength for nonprestressed bars and wires shall be 
based on the specified grade of reinforcement and shall not 
exceed the values given in 20.2.2.4 for the associated 
applications. 

U = M- 

where £;_s is the value from the strain diagram at the location of the 
reinforcement. 

iil^LyuSl'Ij ±ajau 20.2.2.3 

20 2 2 4 Vi 

,1^ 

■ ^JA ^ JLl&jVI (JA 4.A^I ^ ^ 
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20.2.2.4 Types of nonprestressed bars and wires to be specified 
for particular structural applications shall be in accordance with 
Table 20.2.2.4a for deformed reinforcement and Table 20.2.2.4b 
for plain reinforcement. 

^ jA (j' 20.2.2.4 

i 20.2.2.4 A^Ua.a Ajjji.4 

juiJm 520.2.2.4 


COMMENTARY 


R20.2.2.4 Tables 20.2.2.4a and b limit the maximum values of yield 
strength to be used in design calculations for nonprestressed deformed 
reinforcement and nonprestressed plain spiral reinforcement, 
respectively. 

In Table 20.2.2.4a, for deformed reinforcement in special moment 
frames and special structural walls, the use of longitudinal reinforcement 
with strength substantially higher than that assumed in design will lead 
to higher shear and bond stresses at the time of development of yield 
moments. These conditions may lead to brittle failures in shear or bond 
and should be avoided even if such failures may occur at higher loads 
than those anticipated in design. Therefore, a limit is placed on the 
actual yield strength of the steel (refer to 20.2.2.5). ASTM A706M 
for low-alloy steel reinforcing bars now includes both Grade 420 and 
Grade 550; however, only Grade 420 is permitted for special seismic 
systems because of insufficient data to confirm applicability of 
existing code provisions for structures using the higher grade. For 
beams, the deflection provisions of 24.2 and the limitations on 
distribution of flexural reinforcement of 24.3 become increasingly critical 
as fy increases. 

The maximum value of yield strength for calculation purposes is 
limited to 700 MPa for both nonprestressed deformed reinforcement 
and plain spiral reinforcement in Tables 20.2.2.4a and b, respectively, 
when used for lateral support of longitudinal bars or for concrete 
confinement. The research that supports this limit for confinement is given 
in Saatcioglu and Razvi (2002), Pessiki et al. (2001), and Richart et al. 
(1929). For reinforcement in special moment frames and special structural 
walls, the research that indi- cated that higher yield strengths can be used 
effectively for confinement reinforcement is given in Budek et al. (2002), 
Muguruma and Watanabe (1990), and Sugano et al. (1990). The limit of 
420 MPa on the values of fy and fyt used in design for most shear and 
torsional reinforcement is intended to control width of inclined cracks. The 
higher yield strength of 550 MPa permitted in shear design for welded 
deformed wire reinforcement is also intended to control width of 
inclined cracks and is based on Guimares et al. (1992), Grie&ic et al. 
(1994), and Furlong et al. (1991). In particular, full-scale beam tests 
described in Grie&ic et al. 019944 indi- cated that the widths of inclined 
shear cracks at service load levels were less for beams reinforced with 
smaller diameter welded deformed wire reinforcement cages designed on 
the basis of a yield strength of 520 MPa than beams reinforced with 
deformed Grade 420 stirrups. 

Footnote 2 of Table 20.2.2.4a is provided because ASTMA1064M and 
A1022M only require the welds to develop 240 MPa in the interconnected 
wires. Hoops, stirmps, and other elements used in special seismic systems 
should have anchorages that are capable of developing 1.25fy or 1.25fyt, as 
applicable, or tensile strength of the bar or wire, whichever is less, so that 
moderate ductility capacity can be achieved. A welded product that is 
capable of developing these stress limits could be approved for use through 
Code section 1.10. 
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^bj 20.2.2,4a R20.2.2.4 

Jl^Vl «JjIjL.u& ^ 

^ uJia-« ta20.2.2.4 (j^ Jj-w jj^I 

^jlLa ^ ^Awull ^Ij^j <lj|jUal 

^lijjl ^ (illj ^ ^J>4l4.tt.« 

(JjIjL^I ^1 Jajj.^1 6^ ^jjC’ j^ij}^ 

JLa&I ^ jU^Vl 1^ Jla CLi.lA jl l^i..uixl^ ji 

Aulx&ll ^ ^ oillil (jk lillj 

^jV^I ^L^Sf ASTM A706M u--^ .(20.2.2.5 ^h) 

ia^ ^ i iillj ^ 550 420 0^ ^ ^jlai^la 

A^li tJjUU^l JjV^I 420 

itJjIjiASlI AjmuIIj tliLwaall CiLuIlUI 

^U^VI A_uajjiAll Jj^lj 24.2 cH 

(j^lj&St A_uil <^1 .fy ^ 24.3 

jl^Vl AAAuM J^I ^aIuuII JlludL l^i^ 700 i^\ uLyu^ 

^.illyuj U^ i Jljiiil (_yic- tbj a20.2.2.4 c^jUJI ^jlyuHIlj 

.^1 IIa ^ .^Lyuj^l ji ^jiail 

3 ‘ (Pessiki et al. (2001 ‘Razvi (2002) j Saatcioglu 

^j-aill A_«aLaJl iiiljUall ^.Lalllj ,(1929) .ujj^'j Richait 

^jUa ^l.i^lyul (J^AJ Aji ^1 CljLui (Aa^I^I 

Muguruma and ‘Budek et al. (2002) j-a^l (> 

420 -1^ .(and Sugano et al. (1990 ‘Watanabe (1990) 

PIjaIVIj ^ fytj fy u^ JlLyuLUl^ 

JlLyubU^ 550 O^ ,^LaI1 (J^j& i_g^ 

^1 Ia^I ^ iil^LyuVI ^ 

Grie ‘Guimares et al. (1992) (^! ^Ull jjiwJi o^jc ^aiaaii 

f (J^j .(1991) .Ojj^b ‘(& ic et al. (1994 

u^j^ 0* ^j'-«il994. Grie & ic et al tjjljAiill tjjljUill (-i-aj 

A^L-uaII Cj|j.AHI Jdi Cul£ A.a.1^} J.A& iljL^Iyiya Alfr 

^jA^a^ ^Lyui A_aaa^.« ^j^Ia ^aIwu jaa^I lAjiaS 

^ 420 A.^1wmII ^ JLLyuL 520 

V M1022AJ ASTMA1064M OV a20.2.2.4 Jj^» J 2 

.AJajljlAll iil^LyuVt Jl^AAdb lju.a 240 CjLaL^I ^^UUaL 

Aa^L^I A_Alui f_gk ^.lAlyuAll jA^Uxilj 0~>% 

^ Ja^I ji c-jyA i\,25fyt j‘^1.25^ 

U^C’ A^1j.a11 4J^>aj .AJiaaijIa djjill ^3AiAJ 4^)^ (<illyu jl 

CH 1.10 d^ JI^VI ^uloll 


524 





CODE 


COMMENTARY 


Table 20.2.2.4a—Nonprestressed deformed reinforcement 


Usage 

Apptication 

Maximum value of fy 
ovfyt permitted 
for design 
calculations, MPa 

Applicable ASTM specification 

Deformed 

bars 

Deformed 

wires 

Welded siire 

reinforcement 

Welded 

deformed bar 

mats 

Flexure; axial 
force; and 
shrinkage and 
temperature 

Special seismic 
systems 

420 

Refer to 20.2.2.5 

Not permitted 

Not permitted 

Not permitted 

Other 

550 

A615M, A706M, A955M, 
A996M 

A1064M, A1022M 

A10(54M.A1022M 

A184M>'> 

Lateral support 
of longitudinal 
bars; or concrete 
confinement 

Special seismic 
systems 

700 

A615M, A70<5M, A955M, 
A996M, A1035M 

A1064M. A1022M 

A1064Mra.A1022MP> 

Not permitted 

Spirals 

700 

A615M, A706M, A955M, 
A996M, A1035M 

A1064M. A1022M 

Not permitted 

Not permitted 

Other 

550 

A615M.A70®lA955M,A99fiM 

A1064M,A1022M 

A1064M, A1022M 

Not permitted 

Shear 

Special seismic 
systems 

420 

A615M, A706M, A955M, 
A996M 

A1064M.A1022M 

A1064Mt->.A1022MP> 

Not permitted 

Spirals 

420 

A615M.A706M,A955M,A99eiM 

A1064M, A1022M 

Not permitted 

Not permitted 

Shear fiiction 

420 

A615M.A706M.A955M,A996M 

A1064M,A1022M 

A1064M.A1022M 

Not permitted 

Stirrups, ties, 
hoops 

420 

A615M, A706M, A955M, 
A996M 

A1064M. A1022M 

A1064M andA1022M 
welded plain wire 

Not permitted 

550 

Not permitted 

Not permitted 

A1064M andA1022M 
welded deformed wire 

Not permitted 

Torsion 

Longitudmal and 
transverse 

420 

A615M, A706M, A955M. 
A996M 

A1064M.A1022M 

A1064M.A1022M 

Not permitted 


[1] Welded defonnedbar mats shall be peimitted to be assembled using A615M or A706M deformed bars. 

[2] ASTM A1064M and A1022M are not permitted m special seismic systems where the weld is required to resist stresses in response to confinement, lateral stq^port of longitudinal 
bars, shear, or other actions. 


Table 20.2.2.4b—Nonprestressed plain spiral reinforcement 


Usage 

Application 

Maximum value of fy or 
fyt permitted for design 
calculations. MPa 

Applicable ASTM specification 

Plain bars 

Plain wii'es 

Lateral support of longi- 
tudmal bars; or concrete 
confinement 

Spirals in special seismic systems 

700 

A615M, A706M, A955M, A103 5M 

A1064M,A1022M 

Spirals 

700 

A615M, A706M, A955M, A1035M 

A1064M, A1022M 

Shear 

Spirals 

420 

A615M, A706M, A955M, A1035M 

A1064M,A1022M 

Torsion m nonprestressed 
beams 

Spirals 

420 

A615M, A70(5M, A955M, A1035M 

A1064M,A1022M 


[IJWelded deformed bar mats shall be permitted to be assembled using A615 or A706 deformed bars. 

[2] ASTM A1064 and A1022 are not permitted in special seismic systems where the weld is required to resist stresses in response to confnement, lateral support of longitudinal bars, 
shear, or other actions. 


.A706 ji A615 jUMaah ^a ^zauu [XJ 

Uji JjVjh ^ 1022Aj ASTM A1064 V [2] 
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20.2.2.5 Deformed nonprestressed longitudinal reinforcement 
resisting earthquake-induced moment, axial force, or both, in 
special moment frames, special structural walls, and all 
components of special structural walls including coupling beams 
and wall piers shall be in accordance with (a) or (b); 


in') 20.2.2.5 

iljljUal ^ ^ djill ji ( A^UII JjV^ 

lillj ^ I.U ^ CjUji.a 1 

ji (i) d Uij jj cj| 

(a) ASTM A706, Grade 420 

(b) ASTM A615 Grade 280 reinforcement if (i) and (ii) are 
satisfed and ASTM A615 Grade 420 reinforcement if (i) through 
(hi) are satisfed. 

(i) Actual yield strength based on mill tests does not exceed fy by 
more than 125MPa 

(ii) Ratio of the actual tensile strength to the actual yield strength 
is at least 1.25 

(hi) Minimum elongation in 200 mm. shall be at least 14 percent 
for bar sizes No. 10 through No. 19, at least 12 percent for bar 
sizes No. 22 through No. 36, and at least 10 percent for bar sizes 
No. 43 and No. 57. 


420 ‘ASTM A706 (i) 
ASTM j (2) j (1) lj! 280 jjJih ASTM A615 (J) 

i(3) (>» (1) 'jj 420 CikjullA615 

j^l dAX.all ‘Ulx^l V(l) 

MPal25 

JsSlI 1.25 ^jlLa ‘Ukill <^^(2) 

‘UjjuIIj Z14 (j^ mm 200 ^UaluiiU JaJl 0* (3) 

j»L^Sl A-ujulb 12 Cf' 'if ‘19 j»2j i_^\ 10 Cy’ 

.57 j, 43 J lOj ‘36 cf^! 22 6- 


COMMENTARY 

R20.2.2.5 The requirement for the tensile strength to be greater than 
the yield strength of the reinforcement by a factor of 1.25 is based 
on the assumption that the capability of a structural member to 
develop inelastic rotation capacity is a function of the length of the 
yield region along the axis of the member. In interpreting 
experimental results, the length of the yield region has been related 
to the relative magnitudes of probable and yield moments (ACI 
352R). According to this interpretation, the greater the ratio of 
probable-to-yield moment, the longer the yield region. Members 
with reinforcement not satisfying this condition can also develop 
inelastic rotation, but their behavior is sufficiently different to 
exclude them from direct consideration on the basis of rules derived 
from experience with members reinforced with strain-hardening 
steel. For ASTM A615 Grade 420 deformed reinforcement, the 
requirements for minimum elongation were added to the 2014 
Code. The required minimum elongations in 20.2.2.5 are the same 
as the values in ASTM A706 for Grade 420 deformed 
reinforcement. 


^ ^ iaijlul 5-2-2-20 

Cujfu ijjk ijiC' 1,25 

yi jja.4 JjL 4ilai« Jjla ^Jlc■ ^ 6'jJ-^ 

Ua^j.4 A^lala Jjla (2)1^ 

JLall^l tliJlJ Lais 1 .(ACI 352R) JLaj^Vlj 

Ujlua Aaluiall jadUxU 4,Alala 3Xa iliJlJ 

cits (JSa^ ‘ aCiaj (ijSlj jaC (1)1 jjJ Ulajj Ijjjlaiu dji s 

^ djaAll (ja 5l a lui. a ll d)^ljill (jaLal djaal^l (bIjljJ&Vl (ja d)& 

420 JjJJ ASTM A615 4 V-41 Lj .ii-all f»jliall jVjilb J-aC-Jall j-aUxll 

.2014 (j^\ ^Lkaul (ja (liUUala ^Ulal ^ tdjjlaa „* 

04-411 ASTM A706 J SJjIjH 20.2.2.5 J ^jSTI 

.420 
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20.3—Prestressing strands, wires, and bars 

20.3.1 Material properties 

- 20.3 

20.3.1 

20.3.1.1 Except as required in 20.3.1.3 for special moment frames 
and special structural walls, prestressing reinforcement shall 
conform to (a), (b), (c), or (d); 

(a) ASTM A416 - strand 

(b) ASTM A421 - wire 

(c) ASTM A421 - low-relaxation wire including Supplementary 
Requirement SI, “Low-Relaxation Wire and Relaxation Testing” 

(d) ASTM A722 - high-strength bar 

liljUal ^ 20.3.1.3 ^ (iLuluilj 20.3.1.1 

j\ j\ ^ 

Jiis - ASTM A416 (i) 
^ - ASTM A421 (4 
I SI <^L4aVI uJlaldl liUj Lu - ASTM A421 (j) 

(^ILyu** 

Jl* ^ - ASTM A722 (J) 

20.3.1.2 Presfressing strands, wires, and bars not listed in ASTM 
A416, A421, or A722 are permitted provided they conform to 
minimum requirements of these specifcations and are shown by 
test or analysis not to impair the performance of the member. 

^‘ 20.3.1.2 

jaljjj hjJu A722 ji A421 j' ASTM A416 

'I 

20.3.1.3 Prestressing reinforcement resisting earthquakeinduced 
moment, axial force, or both, in special moment frames, special 
structural walls, and all components of special structural walls 
including coupling beams and wall piers, cast using precast 
concrete shall comply with ASTM A416 or A722. 

ji 4.34141 JJVJll in') (Jsljli (2)1 20.3.1.3 

4 .^I4'l 4 .^1411 CjljUal -I 

iiUj Lu 4 (2)0^ iliUjLa 

.A722 ASTIVI A416 4JLuj^^^I ^4*), ..i^ 

20.3.2 Design properties 

20.3.2.1 Modulus of elasticity, Ep, for prestressing reinforcement 
shall be determined from tests or as reported by the manufacturer. 

^viAiwalll (jn il *^'^20.3.2 
(2)^ ^kj4.U i Ep ‘ ^jj.41 J^bua jj43j 20.3.2.1 

,4xL.dAh 4^.^! 44c cjxLi L4 lisj ji 


COMMENTARY 

R20.3—Prestressing strands, wires, and bars 
R20.3.1 Material properties 

jUaSI - R20.3 

jIjaII (j^ajL-ai R20.3.1 

R20.3.1.1 Because low-relaxation prestressing reinforcement is 
addressed in a supplementary requirement to ASTM A421, which 
applies only if low-relaxation material is specifed, the appropriate 
ASTM reference is listed as a separate entity. 

^ ^4aj 4 ^ (kabilll ^ 44S! Ijlaj R20.3.1.1 

sjLa JjJal ^1.3 Ja^ (3^1^ ‘ ASTM A421 4 UUlai (liUUala 

(2]E4£ uaujllall ASTM ^ ^ 4 .>.a-v*A\t 


R20.3.2 Design properties 

R20.3.2.1 Default values of Ep between 197000 and 200000 MPa 
are commonly used for design purposes. More accurate values 
based on tests or the manufacturer’s reports may be needed for 
elongation checks during stressing. 

(aja i n'l ) (jAaiL^ai. R20.3.2 

(jlaljcSf J^AjMPa 197000 200000 Cm E/r^ 4^1jjaVl jaAll 

jjjlij ji ejtjUl^Vl i^\ IjUjajjI ^4 jaSi ^ 4^1.3 i4t4A 42 

,4l^.3Sb ^I4ji 4 'I la*. I.y 1 (jAaj341 4«ll .Aall 
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20.3.2.2 Tensile strength, fpu, shall be based on the specifed grade 
or type of prestressing reinforcement and shall not exceed the 
values given in Table 20.3.2.2. 

in iy> ji ‘ fpu Jjluu (2)1 20.3.2.2 

.20.3.2.2 SJjljh Vi 


Table 20.3.2.2—Prestressing strands, wires, and bars 

jl^yi ^U-ii j lifcUi j cjILIS - 20.3.2.2 


Table 20.3.2.2—Prestressing strands, wires, and 
bars 


Type 

Maximum value 
of fp„ permitted 
for design calcu¬ 
lations, MPa 

Applicable ASTM Specification 

Strand (stress- 
relieved and 
low-relaxation) 

1860 

A416M 

Wire (stress- 
relieved and 
low-relaxation) 

1725 

A421M 

A421M, including Supplementary 
Requirement S1 “Low-Relaxation 
Wire and Relaxation Testing” 

I ligh-strength 
bar 

10.35 

A722M 


COMMENTARY 

R20.3.2.2 ASTM A416 specifes two grades of strand tensile 
strength: 1725 and 1860 MPa. ASTM A421 specifes tensile 
strengths of 1620, 1655, and 1725 MPa, depending on the diameter 
and type of wire. For the most common diameter, 6 mm., ASTM 
A421 specifes a tensile strength of 1655 MPa. 

J 1725 0- ASTM A416 R20.3.2.2 

1620 ASTM A421 ''i.-aljAll jjaJi .I860 MPa 

6 jisVl >ill >a . MPa , 1725,1655j 

.1655 MPa ASTM A421‘ mm 


20.3.2.3 Stress in bonded prestressed reinforcement at nominal 
flexural strength, fps 


R20.3.2.3 Stress in bonded prestressed reinforcement at nominal 
flexural strength, fps 


JI 4 II in') 20.3.2.3 

fps 


pUaJVI ^jlLa lajijlall R20.3.2.3 

fps iSjAulVl 


20.3.2.3.1 As an alternative to a more accurate calculation of fps 
based on strain compatibility, values of fps calculated in 
accordance with Eq. (20.3.2.3.1) shall be permitted for members 
with bonded prestressed reinforcement if all prestressed 
reinforcement is in the tension zone and fse > O.Sfpu. 

t P'S iJlxAjVl (jdiLjjj fps ^ 20.3.2.3.1 

(20.3.2.3.1) fps j-i 

fse ^ J aHoIa Clul£ |j| Jajljlall 

.0.5fpu 



I- 

/; 



(20.3.2.3.1) 


where yp is in accordance with Table 20.3.2.3.1. If compression 
reinforcement is considered for the calculation of fps by Eq. 
(20.3.2.3.1), (a) and (b) shall be satisfed. 


R20.3.2.3.1 Use of Eq. (20.3.2.3.1) may underestimate the strength 
of beams with high percentages of reinforcement and, for more 
accurate evaluations of their strength, the strain compatibility and 
equilibrium method should be used. If part of the prestressed 
reinforcement is in the compression zone, a strain compatibility and 
equilibrium method should be used. The jp term in Eq. (20.3.2.3.1) 
and Table 20.3.2.3.1 reflects the influence of different types of 
prestressing reinforcement on the value of fps. Table R20.3.2.3.1 
shows prestressed reinforcement type and the associated ratio pylfpu. 

^ 0 - cPa (20.3.2.3.1) (.iJily-l R20.3.2.3.1 

JlxiiVI «1 <4*. lit 1 <Lill£ 

iiaauial\ "*'1 ija (2)1^ uiuLldl 

YP UAyllall JIaHVI .t 

Jjyjia (> Ailiayi ijjjlij t>^20.3.2.3.1 Jj'1?41j(20.3.2.3.1) 

Ji-w jjLyull R20.3.2.3.1 OniJ .Fps ^ 

.I 4 J 4ja4jy41 py / fpu Ajyyjj 


fps uLjiaJ Jaiyyall jUjC ' ^ 'j! .20.3.2.3.1 jyi Jaljjj yp 

.A^jluya QjSj J 1 (20.3.2.3.1) AJayiljj 
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(a) If d' exceeds O.lSdp, the compression reinforcement shaU be 
neglected in Eq. (20.3.2.3.1). 

(b) If compression reinforcement is included in Eq (20.3.2.3.1), 
the term shall not be taken less than 0.17. 


(20.3.2.3.1) iaiJall jjLjj JUaI 0.15dp <-d' 'j' (i) 

V (2))^ ‘ (20.3.2.3.1) hi lb') ^j'nn ^ |j) (u) 

.0.17 u-> 


J pm d fy J . 


COMMENTARY 

R20.3.2.3.1(a) If d' is large, the strain in compression 
reinforcement can be considerably less than its yield strain. In such 
a case, the compression reinforcement does not influence fps as 
favorably as implied by Eq. (20.3.2.3.1). Eor this reason, if d' 
exceeds O.lSdp, Eq. (20.3.2.3.1) is applicable only if the 
compression reinforcement is neglected. 

O' 0^ J 0)a ‘ d' 'j! R20.3.2.3.1(a) 

iaijSal\ jjjj V Jla ^ Jlxljl 

d' , O.lSdp 'jj .(20.3.2.3.1) j* l-«s <>*^! 

hi ,>i'l JLoAl ^ (20.3.2.3.1) i 


Table 20.3.2.3.1— Values ofyp for use in Eq. (20.3.2.3.1) 

(20.3.2.3.1) J yp ^ - 20.3.2.3.1 JjJad' 


frfff 

tf 

>0.80 

0.55 

>0.85 

0.40 

>0.90 

0.28 


20.3.2.3.2 Eor pretensioned strands, the strand design stress at 
sections of members located within f d from the free end of strand 
shall not exceed that calculated in accordance with 25.4.8.3. 

V) lAull 4 .uji.''I.j 20.3.2.3.2 

iiSj i/ji cijlall 0^ (d Cy^ ^ 

.25.4.8.3 -1 


R20.3.2.3.1(b) The p' term in Eq. (20.3.2.3.1) reflects the increased 
value of fps obtained when compression reinforcement s provided 
in a beam with a large reinforcement index. If the term [ppifpulfc') + 
(dldp){fylfc'){p - pOl is small, the neutral axis depth is small, the 
compressive reinforcement does not develop its yield strength, and 
Eq. (20.3.2.3.1) becomes unconservative. Eor this reason, the term 
lpp{fpu/fc') + {dldp){fy/fc'){p - p')l may not be taken less than 0.17 
if compression reinforcement is taken into account when 
calculating fps. The compression reinforcement may be 
conservatively neglected when using Eq. (20.3.2.3.1) by taking p' 
as zero, in which case the term [ppifpulfc') + (d/dp) ify/fc')ip)] may 
be less than 0.17 and an acceptable value of fps is obtained. 

\ 

fps 5^ SJbj (20.3.2.3.1) J p' (lh) R20.3.2.3.1 

IJI jJdijA ^ 3j.9^) ^ S ^ ^^) 

(34ft [(' p (fpu / fc ') + (d / dp) (fy / fc ') (p - p)] 

4 . 4 JII 4 jjlfti V Jakball (j~ JJ'^ 

p )] V ja ii_u4jil) ,^ja.4 (20.3.2.3.1) 

jJib jii (.4 )j) 0.17 6- Jai [(' (fpu / fc ') + (d / dp) (fy / fc ') (p - p 

jjft Jjji.4 (3^4^ JaxJall ^jluu JI.. 4 AI ^ ja , fps Ajft jljjftV) laiuSal\ 

(jj% ja sJA Ijima ' p 4ja44ljj (20.3.2.3.1) ^lAktuji) 

f>%j 0.17 6- Ja' [(p (fpu / fc ') + (d / dp) (fy / fc ') (p)] 

.fps U*^ 

Table R20.3.2.3.1 — Ratio of fpy/fpu associated with reinforcement 
type 

Fpy / fpu -R20.3.2.3.1 JjJad' 


Prestressed reinforcement type 

frffru 

High-strength pre- 
stressing bars 

ASTM A722 Type I 
(Plain) 

>0.85 

ASTM A722 Type II 
(Deformed) 

>0.80 

Stress-relieved strand 

and wire 

ASTM A416 

ASTM A421 

>0.85 

Low-relaxation strand 
and wire 

ASTM A416 

ASTMA421 

>0.90 


20.3.2.4 Stress in unbonded prestressed reinforcement at nominal 
flexural strength, fps 

pUaJV) (3^444 iuj4 j^l ^j'lin') 20.3.2.4 

fps 14.4444^) 


R20.3.2.4 Stress in unbonded prestressed reinforcement at nominal 
flexural strength, fps 

pU^V) ^jIa 4 (3441. 4 Juj4 g-il>44l) al^V) R20.3.2.4 

fps i4j444*if) 
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20.3.2.4.1 As an alternative to a more accurate calculation of fps, 
values of fps calculated in accordance with Table 20.3.2.4.1 shall 
be permitted for members prestressed with unbonded tendons if 

fse > O.Sfpu. 

Uij -'I fps ^1^ ^ 1 fps ‘.'I ■ 20.3.2.4.1 

|j| iy> j..dljjLU 20.3.2.4.1 

.fse > 0.5 fpu 6^ 

Table 20.3.2.4.1 —^Approximate values of fps at nominal flexural 
strength for unbonded tendons 

(fps) ~ 20.3.2.4.1 

Aiajljld j^l 


Table 20.3.2.4.1—Approximate values of fps at 
nominal flexural strength for unbonded tendons 


f„h 

fps 



A.+ 70 +/,7(100p^) 

<35 

The least of; 

/« + 420 



fpv 



/.,+ 70+///(300pp) 

>35 

The least of; 

/„ + 210 



fpy 


20.3.2.5 Permissible tensile stresses in prestressed reinforcement 

, It20.3.2.5 

20.3.2.5.1 The tensile stress in prestressed reinforcement shall not 
exceed the limits in Table 20.3.2.5.1. 

Sj jljh ^ 20.3.2.5.1 

.20.3.2.5.1 Jj-iadl J 

Table 20.3.2.5.1 —^Maximum permissible tensile stresses in 
prestressed reinforcement 

1 ^1 ‘ I trt in\l Aj - 20.3.2.5.1 


Stage 

l.ocalion 

Maximum tensile stress 

During 

stressing 

At jacking end 

Lca.st 

of: 

0.94/„ 

0.80/^ 

Ma.ximum jacking force rec¬ 
ommended by the supplier 
of anchorage device 

Immediately 
after force 
transfer 

At post-tensioning 
anchorage devices 
and couplers 

0.707^ 


COMMENTARY 

R20.3.2.4.1 The term [fse + 70 + /c7(300pp)] reflects results of tests 
on members with unbonded tendons and span-to-depth ratios 
greater than 35 (one-way slabs, flat plates, and flat slabs) 
(Mojtahedi and Gamble 1978). These tests also indicate that the 
term [fse + 70 -r/c7(100pi;)], formerly used for aU span-depth ratios, 
overestimates the amount of stress increase in such members. 
Although these same tests indicate that the moment strength of 
those shallow members designed using [fse -H 70 -H /c7(100pi;)] 
meets the factored load strength requirements, this reflects the 
effect of the Code requirements for minimum bonded reinforcement 
as well as the limitation on concrete tensile stress that often control 
the amount of prestressing force provided. 

^ cjljUAiVl ^11! 5 jI*! [fse + 70 H-/c7(300p/.)] R20.3.2.4.1 

^ ^ 541 ^) 35 ^ 

Mojtahedi and Gamble ) ( 4^Ja*AAli cjUaiUlij 

.[fse + 70 + fc'/(l00pp)] O' »j* LaS .(1978 

pV3A ^.4 ^ (3 ‘AxII L-UA.1 UjLu 

iiim o' (j^\ o' 0 *^ .jA^uxii 

(litolalu f^[fse -1-70-1- /c7(100pp)] 4 .aaa^I jAdUxll 

.^I lefts' '"'IiJxaoaII Ja^I ^jHa 

^ -S'v" La Ull£ ^jaII 0^ .^1 IsjIjIaII ^ 

,3Aaa£ 


R20.3.2.5 Permissible tensile stresses in prestressed reinforcement 

^.^^^.aAAAll aOII R20.3.2.5 

R20.3.2.5.1 Because of the high yield strength of lowrelaxation 
strand and wire meeting the requirements of ASTM A416 and 
A421 including Supplementary Requirement SI “Low-Relaxation 
Wire and Relaxation Testing,” it is appropriate to specify 
permissible stresses in terms of specifed minimum ASTM yield 
strength along with the specifed minimum ASTM tensile strength. 
Because of the higher allowable initial prestressing steel stresses 
permitted since the 1983 Code, final stresses can be greater. For 
structures subject to corrosive conditions or repeated loadings, 
consideration should be given to limiting the final stress. 

(jAii&AA JaLSI ^bdl ^jlLa laaaaj R20.3.2.5.1 

ifcLAi" SI 4llj ^ Laa A421 J ASTM A416 CaUIsaaa ^ 

iy> ^A ^^^aaaaII JaJaa l^LaaII ^ i "Aaj^I jIaa4Ij Aaj^I a 

(jA ^ UA^ 4^ ^jUa ASTM J.Vi>iAl) 

A^aaaaII ■*" ASTM 

^4aa414 .j^' ^b4^VI 0.^ O' 0^*^ ^1983 ^^^.a4aa1I 

Oa ^ jl^l u^44 lUaaa CaIaIaC ji JSIa ‘LjajLal\ CaLaIaU 

.^441' CAbl4a.Vl 
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20.3.2.6 Prestress losses 

20.3.2.6.1 Prestress losses shall be considered in the calculation of 
the effective tensile stress in the prestressed reinforcement, fse, 
and shall include (a) through (f); 

(a) Prestressed reinforcement seating at transfer 

(b) Elastic shortening of concrete 

(c) Creep of concrete 

(d) Shrinkage of concrete 

(e) Relaxation of prestressed reinforcement 

(f) Friction loss due to intended or unintended curvature in post¬ 
tensioning tendons 

jalji 20.3.2.6 

JUlUi jUjfrVi (j^ 20.3.2.6.1 

:(j) (*) ‘ fse (_}i^ ^ 


20.3.2.6.2 Calculated friction loss in post-tensioning tendons shall 
be based on experimentally determined wobble and curvature 
friction coeffcients. 

iibLlS fjk jiljS jjluu (2)1 20.3.2.6.2 

(IbLabLaj Lujj^ Cj!!t.abi.a 


20.3.2.6.3 Where loss of prestress in a member is anticipated due 
to connection of the member to adjoining construction, such loss 
of prestress shall be included in design calculations. 

JUdjI laijl.a ^ jiljS ba.^ 20.3.2.6.3 

,-,14 . ^ ^ tjjlA»a 1 nitaj 


COMMENTARY 

R20.3.2.6 Prestress losses 

R20.3.2.6.1 For an explanation of how to calculate prestress losses, 
see Joint ACI-ASCE Committee 423 (1958), ACI 435R, PCI 
Committee on Prestress Fosses (1975), and Zia et al. (1979). 
Reasonably accurate estimates of prestress losses can be calculated 
in accordance with the recommendations in Zia et al. (1979), which 
include consideration of initial stress level (0.7fpu or higher), type of 
steel (stress relieved or low-relaxation wire, strand, or bar), exposure 
conditions, and type of construction (pretensioned, onded post- 
tensioned, or unbonded post- ensioned). Actual losses, greater or 
smaller than the calculated values, have little effect on the design 
strength of the member, but affect service load behavior (deflections, 
camber, cracking load) and connections. At service loads, 
overestimation of prestress losses can be almost as detrimental as 
underestimation because the former can result in excessive camber 
and horizontal movement. 

jL^VI jaija R20.3.2.6 
jaija ^ R20.3.2.6.1 

PCI ‘ ACI 435R j ‘ (1958) 423 ACI-ASCE On 

ijL^ aj_ (1979) j i (1975) Jalji 0*-^ 

Zid et dl. jal^^ 

i(^i ji 0.7fpu ) jjIIm ^ jlilll Ja 4 u i((1979 

uijjla i ji ji liblui) JjJaJi 

jjxll ,5! t * It fl) i 

I 4 I oJ% ji Jal^^l ,(Jaj|jl 4 

tCjlAjA^\Il) ^ jjjij 

0'^ JLi^i .Cj^Ld^lj (^Jlulall ii_iUaaJVI 

jAji ja JjSh Cy’ jaljall 

1 albuiyi aJbJ 

R20.3.2.6.2 Estimation of friction losses in post-tensioned tendons is 
addressed in PTI TAB.l. Values of the wobble and curvature friction 
coeffcients to be used for the particular types of prestressing 
reinforcement and particular types of ducts should be obtained from 
the manufacturers of the tendons. An unrealistically low estimate of 
the friction loss can lead to improper camber, or potential deflection, 
of the member and inadequate prestress. Overestimation of the 
friction may result in extra prestressing force. This could lead to 
excessive camber and excessive shortening of a member. If the 
friction factors are determined to be less than those assumed in the 
design, the tendon stressing should be adjusted to provide only that 
prestressing force in the critical portions of the structure required by 
the design. When safety or serviceability of the structure may be 
involved, the acceptable range of prestressing reinforcement jacking 
forces or other limiting requirements should either be given or 
approved by the licensed design professional in conformance with 
the permissible stresses of 20.3.2.5 and 24.5. 


531 













CODE 

COMMENTARY 


PTI -1^1 ^ SS1a.'^\ jSI^ jjjSj ^ A R.2.2.3.20 

^^lx.4 ^ ^ .TAB.l 

(j -4 c-uLjVI Cy* ^ 4 ^ 4.I1X.4 

(^\ c5^J^ 0^ ^\*aa 

jI^VI ^Li£ j^wu ^ djMU «2 jjA& JLaH&I jI (uiwiLla 

(2ji 0^^ djA (^1 ^ 4jl1Ua11 

^ IJI ,Ja^^} ^ AjIJ jJu,aJLJ ^IJ ^1 iS^j^ 

Jl^Vt dj2 JaiS j^jll JaiJa ^ liUj ^ Jil 

ji (jjSj LaAIp LmIaII plj&Sfl (j^ 

^JI^aII (^LojAa LJu-ftU A^li 

^ti L -aj-W^ ^ d.llAjC'l ji djUafrl ^ ^1 CjLliala jl 

.24.5j 20.3.2.5 t« 5ialjlallj L^ ^jauiaII li^ (_yai.J^' 
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20.4 — Structural steel, pipe, and tubing for composite 
columns 

<US^I OJihfiiU (^Uill^ cjMl^lj c^UuSI Jrf^l - 20.4 
20.4.1 Material properties 

20.4.1 

COMMENTARY 

R20.4 — Structural steel, pipe, and tubing for composite 
columns 

<yS^I oM^iU (iMUi!l^ cjmI^I^ c^UuSI ^^I - 20.4 

20.4.1.1 Structural steel other than steel pipe or tubing used in 
composite columns shall conform to (a), (b), (c), (d), or (e); 

(a) ASTM A36 - carbon steel 

(b) ASTM A242 - high-strength low-alloy steel 

(c) ASTM A572 - high-strength, low-alloy, columbium vanadium 
steel 

(d) ASTM A588 - high-strength, low-aUoy, 50 ksi steel 

(e) ASTM A992 - structural shapes 


ji 20.4.1.1 

i(j^) (j) yt (^) yt (u) yt (^) ^ ^ 

. ASTM A36 (i) 
jJ " ASTM A242 (^r^) 

- ASTM A572 (^) 

50 ksi jj - ASTM A588 (J) 

^LiuSn Jli^iSn - ASTM A992 (») 


20.4.1.2 Steel pipe or tubing used in composite columns to encase 
a concrete core shall conform to (a), (b), (c), or (d); 

(a) ASTM A53 Grade B - black steel, hot-dipped, zinc-coated 

(b) ASTM A500 - cold-formed, welded, seamless 

(c) ASTM A501 - hot-formed, welded, seamless 

(d) ASTM A1085 — cold-formed, welded 


dAoC'VI ^ i.^UVI ji 20.4.1.2 

(^) (*T^) {}) ^Ua.4 ^Lyuj^ dijj 

iiljjllj AaIxaII * it\l -B ASTM A53 (i) 

44_ajal« ^ - ASTM A500 (^j) 

4JSA« - ASTM A501 (^) 
.jjUl j£. . ASTM A1085 (J) 


20.4.2 Design properties 

20.4.2.1 For structural steel in composite columns, maximum 
value of fy shall be in accordance with the appropriate ASTM 
standards in 20.4.1. 

'tjnin'') (_)«a.iU<aA 20.4.2 

4..a^l 04^ 0^ 4 ^) tXtcSh jVjlU A.uji.'lb 20 . 4 . 2.1 

.20.4.1 ASTM ^4/v (44“®^^' 

R20.4.2 Design properties 

R20.4.2 

20.4.2.2 For structural steel used in composite columns with a 
structural steel core, value of fy shall not exceed 350 MPa. 

R20.4.2.2 The design yield strength of the steel core should be 
limited to that which would not generate spalling of the concrete. It 

dtjj ^ dAA&Sfl AjmuIL 20.4.2.2 

.MPa 350 fy Vi 4 ^LSui 

has been assumed that axially compressed concrete will not spall at 
strains less than 0.0018. The yields trength of 0.0018 x 200000, or 
360 MPa, represents an upper hmit of the useful maximum steel 
stress. 

iUS^I ‘ ‘ ^JAll - R20.4 

iiUj ^jH.a (f\ R20.4.2.2 

^ UbajliSi jil Jljj ^ 

‘200000 X 0.0018 ^ 4 ^^ .0.0018 u-> biVlxiil tuc- 

.ilia t 4 jVji jI^aI Cy» JaJl 1 MPa 360 4 ' 


533 













CODE 

20.5—Headed shear stud reinforcement 

20.5.1 Headed shear stud reinforcement and stud assemblies shall 

conform to ASTM A1044. 

Ciitlirtii - 20.5 
o' 20.5.1 

.ASTM A1044 


COMMENTARY 

R20.5—Headed shear stud reinforcement 
R20.5.1 The configuration of the studs for headed shear stud 
reinforcement differs from the configuration of the headed-type 
shear studs prescribed in Section 7 ofAWS Dl.l (2010) and 
referenced for use in Chapter 17 of this Code (Fig. R20.5.1). Ratios 
of the head to shank cross-sectional areas of the AWS Dl.l studs 
range from approximately 2.5 to 4. In contrast, ASTM A1044 
requires the area of the head of headed shear stud reinforcement to 
be at least 10 times the area of the shank. Thus, the AWS Dl.l 
headed stud is not suitable for use as headed shear stud 
reinforcement. The base rail, where provided, anchors one end of 
the studs; ASTM A1044 specifies material width and thickness of 
the base rail that are sufficient to provide the required anchorage 
without yielding for stud shank diameters of 9.5 , 12.7, 15.9, and 19 
mm. In ASTM A1044, the minimum specified yield strength of 
headed shear studs is 350MPa. 

- R20.5 

‘ ^Ij CjU R20.5.1 

AWS Dl.l (2010) (>> 7 cj|j 

.(R20. 5.1 '1a 17 ^ 

.4 u^\ 2.5 (> AWS Dl.lj"!-^' jJaiall 

^jlC' j o' ASTM A1044 ^<^1 O^ 

AWS Dl.lo^',^jaaaA.aII (, XO ci^V' 

^ CjIJ j^Ljau (_)<aAU .1 <4*.i.M' 

djLAll ASTM A1044 .ja a L^l a II 

(jA'*** jUaSi ujlkah aJcIaI 

^jVI Jadl . ASTM A1044 J mm 19j ‘15.9 ‘12.7 , ‘9.5 j'-^' 

.MPd350 0“'^' ‘^'1 



Headed shear stud Headed shear studs 

reinforcement per AWS D1.1 

Fig. R20.5.1— Configurations of stud heads. 

.jL A u m ll - R20.5.1 .Oi'i^' 
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20.6—Provisions for durabiiity of steei reinforcement 

20.6.1 Specifed concrete cover 

20.6.1.1 Unless the general building code requires a greater 
concrete cover for fire protection, the minimum specifed concrete 
cover shall be in accordance with 20.6.1.2 through 20.6.1.4. 

eiJnlfcll <yUl - 20.6 

JJa-i 20.6.1 

^ I^UaC ^ La 20.6.1.1 

20.6.1.2 ^ <^LufUai." Ui% 

.20.6.1.4 


COMMENTARY 

R20.6—Provisions for durabiiity of steei reinforcement 
R20.6.1 Specifed concrete cover —This section addresses concrete 
cover over reinforcement and does not include requirements for 
concrete cover over embedment such as pipes, conduits, and 
fittings, which are addressed in 20.7.5. 

<yUl | 9 l^i- R20.6 
^Luj^ R20.6.1 

JLa ^jxll CjULafr Ajlaalll cjUIlala Vj 

.20.7.5 fi ‘ 

R20.6.1.1 Concrete cover as protection of reinforcement from 
weather and other effects is measured from the concrete surface to 
the outermost surface of the reinforcement to which the cover 
requirement applies. Where concrete cover is prescribed for a class 
of structural members, it is measured to the outer edge of stirrups, 
ties, or spirals if transverse reinforcement encloses main bars; to the 
outermost layer of bars if more than one layer is used without 
stirrups or ties; to the metal end fitting or duct of post-tensioning 
tendons; or to the outermost part of the head on headed bars. The 
condition “exposed to weather or in contact with ground” refers to 
direct exposure to moisture changes and not just to temperature 
changes. Slab soffits are not usually considered directly exposed 
unless subject to alternate wetting and drying, including that due to 
condensation conditions or direct leakage from exposed top surface, 
run off, or similar effects. Alternative methods of protecting the 
reinforcement from weather may be provided if they are equivalent 
to the additional concrete cover required by the Code. When 
approved by the building official under the provisions of 1.10, 
reinforcement with alternative protection from weather may not 
have concrete cover less than the cover required for reinforcement 
not exposed to weather. Development length provisions given in 
Chapter 25 are afunction of cover over the reinforcement. To meet 
requirements for development length, it may be necessary to use 
cover greater than the minimums specifed in 20.6.1. 

Cy* jIjVIj (jjAlil) ^ 4jL»a£ jaJl (JjiISj R20.6.1.1 

^ i^LulYI j^Ljxll ‘ ‘•''j ^ Lajjc 

CjUL^I ji iJajljjll ji ^ 

(ja ^ iy> ‘Li^jl^l Mjiin'tjl) 

if^l CjUl£ 

ji (jdiiLl} 

Vj 4-uaj3L4 dJlf V 

ujMuil j) uLuiiUl cijjia lillj ^ Laj |j| 

,4jjL4.aII jl 

^LJaVI fiUafcVl ^ILa ilul£ 

^ ^ 1.10 

fUaxll ^ Jfii (jjLmjL ^ UJ% ^ 

aIaAI,.. 1 ^ iliUliala Aj^ fUaxJl 

.20.6.1 ^ fUaC 
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20.6.1.2 It shall be permitted to consider concrete floor fnishes as 
part of required cover for nonstructural purposes. 

jLjcVI OrJXj 20.6.1.2 

,^L^i ^Uaafl 


20.6.1.3 Specifed concrete cover requirements 
20.6.1.3.1 Nonprestressed cast-in-place concrete members shall 
have specifed concrete cover for reinforcement at least that given 
in Table 20.6.1.3.1. 

< fUaill cjUUala 20.6.1.3 

^ j^Uxh c}’ 20.6.1.3.1 

.20.6.1.3.1 

Table 20.6.1.3.1 — Specifed concrete cover for cast-in-place 
nonprestressed concrete members 

^ jadUxU JjA.a - 20.6.1.3.1 


Table 20.6.1.3.1—Specified concrete cover for 
cast-in-place nonprestressed concrete members 


Concrete exposure 

Member 

Reinforcement 

Specified 

coer, mni 

Cast against and 
peraianeutly in 
contact with groimd 

All 

All 

75 

Exposed to weather 
or in contact with 
ground 

All 

No. 19 through No. 
57 bars 

50 

No. 16 bar. MW200 
or MD200 wire, and 
smaller 

40 

Not exposed to 
weather or in 
contact with groimd 

Slabs, joists, 
and walls 

No. 43 and No. 57 
bars 

40 

No. 36 bar and 

smaller 

20 

Beams, 
columns, 
pedestals, and 
tension ties 

Primary reinforce¬ 
ment. stinnps. ties, 
spirals, and hoops 

40 


20.6.1.3.2 Cast-in-place prestressed concrete members shall have 
specifed concrete cover for reinforcement, ducts, and end fittings 
at least that given in Table 20.6.1.3.2. 


^ 20.6.1.3.2 

’ .20.6.1.3.2 


COMMENTARY 

R20.6.1.2 Concrete floor finishes may be considered for 
nonstructural purposes such as cover for reinforcement and fre 
protection. Provisions should be made, however, to ensure that the 
concrete fnish will not spall off, thus resulting in decreased cover. 
Furthermore, considerations for development of reinforcement 
require minimum monolithic concrete cover in accordance with 
20.6.1.3. 

(jialj&Sl u^\ 0^^ R20.6.1.2 

(2)1 (iH J.>C tiillj .jJjjaJi ija fUaC 

iiiUj ijlC’ iS^ji ^ 

J USj j"‘I-'I ^Uaall ^ 

.20.6.1.3 

R20.6.1.3 Specifed concrete cover requirements 

< fUaall cjUllala R20.6.1.3 
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Table 20.6.1.3.2— Specifed concrete cover for cast-in-place 
prestressed concrete members 

^ ^Lyuj^ - 20.6.1.3.2 

Table 20.6.1.3.2—Specified concrete cover for 
cast-in-place prestressed concrete members 


Concrete 

exposure 

Member 

Reinforcement 

Specified cover, 

mm 

Cast against and 
pennanently 
in contact with 
ground 

All 

All 

15 

Exposed to 
weather or in 
contact with 
ground 

Slabs, joists, and 
walls 

All 

25 

All other 

All 

40 

Not exposed 
to weather or 

in contact with 
ground 

Slabs, joists, and 
walls 

All 

20 

Beams, 
columns, and 
tension ties 

Primaiy 

reinforcement 

40 

Stimips. ties, 
spirals, and 
hoops 

25 


COMMENTARY 


20.6.1.3.3 Precast nonprestressed or prestressed concrete 
members manufactured under plant conditions shall have specifed 
concrete cover for reinforcement, ducts, and end fttings at least 
that given in Table 20.6.1.3.3. 

^ 20.6.1.3.3 

fiUai ihJJA, JS A.jx>.uaj cijjla tliaJi "-j 

.20.6.1.3.3 QLji 


R20.6.1.3.3 The lesser cover thicknesses for precast construction 
reflect the greater eontrol for proportioning, placing, and curing 
inherent in precasting. 

JiSh 1 liUj ^ ^ -'I <Ulaij ejUUala R20.6.1.3 

t ^ 

Manufactured under plant conditions does not imply that precast 
members should be manufactured in a plant. Structural elements 
precast at the job site will also qualify under this section if the 
control of form dimensions, placing of reinforcement, quality 
control of concrete, and curing procedures are equal to that 
normally expected in a plant. Concrete cover to pretensioned strand 
as described in this section is intended to provide minimum 
protection from weather and other effects. Such cover may not be 
sufficient to transfer or develop the stress in the strand, and it may 
be necessary to increase the cover accordingly. 


^ ^cijjla CjaJi nn't V 

lift jUal fjS U<aj| 42ft j.a J.aJLh ^ SjftlAJI ^ ‘ "J 

^lj.aj 1 „*'! Jbui ..'I (lul£ |j| 

,^1.0.411 lilli ^ A^lxall 

jft iJft ^ jft LaE ajjftJaal) ijjiJiU ^Uakll 

LftlS ^Uaxll |jft (jjij V JS (jallal) (ja ^La^l (jji 4^1 

tiftj ^Uaxll SJbJ fja UJ% ^ ji 
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COMMENTARY 


Table 20.6.1.3.3 —Specifed concrete cover for precast 
nonprestressed or prestressed concrete members manufactured 
under plant conditions 

pUaxll-3-3~l~6~20 

4ij<tu^.a ^ ji JL^VI 

Table 20.6.1.3.3—Specified concrete cover for 
precast nonprestressed or prestressed concrete 
members manufactured under plant conditions 


Concrete 

exposure 

Member 

Reinforcement 

Specified 
cover, in in 

Exposed 
to weatlier 
or in 

contact 

with 

groiuid 

Walls 

No. 43 and No. 57 bars; tendons 
larger than 40 nun diameter 

40 

No. 36 bars and smaller: MW200 
and MD200 wire and smaller: ten¬ 
dons and strands 40 nun diameter 
and smaller 

20 

All other 

No. 43 atid No. 57 bars: tendons 
larger titan 40 mm diameter 

50 

No. 19 tlirougli No. 36 bars: tendons 
and strands larger titan 16 ttmt 
diameter tluouglt 40 nun diameter 

40 

No. 16 bar. MW200 or MD200 wire, 
aitd smaller: tendons aitd straitds 16 
nun diameter and smaller 

30 

Not 

exposed 
to weather 
or in 

contact 

witli 

ground 

Slabs. 

joists. 

and 

walls 

No. 43 and No. 57 bars: 
tendons larger than 40 nmt 
diaiueter 

30 

Tendons and strands 40 nun 
diameter aitd smaller 

20 

No. 36 bar. MW200 or MD200 
wire, and smaller 

16 

Beams. 

colimms. 

pedestals. 

and 

tension 

tics 

Primary reinforcemeiit 

Greater of 
d), and 16 
and need 
not exceed 

40 

Stirrups, ties, spirals, and hoops 

10 
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20.6.1.3.4 For bundled bars, specified concrete cover shall be at 
least the smaller of (a) and (b); 

(a) The equivalent diameter of the bundle 

(b) 50 mm. 

and for concrete cast against and permanently in contact with 
ground, the specified cover shall be 75 mm. 

'^'^ 420 . 6 . 1 . 3.4 

:(ij) j (i) cy> 

mm 50 (“) 

Aua AjajuILj 

mm. 75 ^Uaill 


COMMENTARY 


20.6.1.3.5 For headed shear stud reinforcement, specified concrete 
cover for the heads and base rails shall be at least that required for 
the reinforcement in the member. 

^Uaafl 6J% (I)' ‘ O"'J jtiLju ^ 20.6.1.3.5 


R20.6.1.3.5 Concrete cover requirements for headed shear stud 
reinforcement are illustrated in Fig. R20.6.1.3.5. 

^ jLuu „* fUaC cjLllala R20.6.1.3.5 

.R20.6.1.3.5 


Maximum cover to head (8.7.7) 



Maximum cover to head (8.7.7) 



Fig. R20.6.1.3.5—Concrete cover requirements for headed 
shear stud reinforcement. 


Fig. R20.6.1.3.5 —Concrete cover requirements for headed shear 
stud reinforcement. 

rulaalll t-'i at'it A _ R20.6.1.3.5 
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20.6.1.4 Specifed concrete cover requirements for corrosive 
environments 

.'I i-il ij iU > < '■v -'I Ajiauil (liUUala 20.6.1.4 


20.6.1.4.1 In corrosive environments or other severe exposure 
conditions, the specifed concrete cover shall be increased as 
deemed necessary. The applicable requirements for concrete 
based on exposure categories in 19.3 shall be satisfed, or other 
protection shall be provided. 

LAjJa (jA ^ 20.6.1.4.1 

I*,I .'U* aU f-l ij*. Ill UiUjia < -'I 

‘19.3 tliUS ‘LuIaII a 

20.6.1.4.2 For prestressed concrete members classifed as Class T 
or C in 24.5.2 and exposed to corrosive environments or other 
severe exposure categories such as those given in 19.3, the 
specifed concrete cover for prestressed reinforcement shall be at 
least one and one-half times the cover in 20.6.1.3.2 for cast-in 
place members and in 20.6.1.3.3 for precast members. 

c ji T 541-aall Jl^Vl jaJl j-aUxU 20.6.1.4.2 

(jaajull tliUS ijA liUj 24.5.2 

pUaxll 0^ ‘19.3 liUj JLa 

^ ^UxU 20.6.1.3.2 Ajlaiall Cjlja 1.15 JSVl 

.uiaflJl Aijaaa ^Uxh 20.6.1.3.3 

20.6.1.4.3 If the precompressed tension zone is not in tension 
under sustained loads, 20.6.1.4.2 need not be satisfed. 

JLa^i tliaJi Au ^ iPia't ^ |j| 20.6.1.4.3 

.20.6.1.4.2 ^ ‘ 

20.6.2 Nonprestressed coated reinforcement 

(jauia ‘Ulaull 20.6.2 

20.6.2.1 Nonprestressed coated reinforcement shall conform to 
Table 20.6.2.1. 

^ (Jauia A.jlai.11) ^aLjij 20.6.2.1 

.20.6.2.1 

Table 20.6.2.1—Nonprestressed coated reinforcement 

Aaiaaah - 20.6.2.1 


Table 20.6.2.1—Nonprestressed coated 
reinforcement 


lype of coilting 

Applicable ASTM specifications 

Bar 

Wire 

Welded wire 

Zinc-coated 

A767M 

Not pemiitted 

A1060M 

Epoxy-coatcd 

A775M or 
A9.t4M 

A884M 

A884M 

Zinc and epoxy 
dual-coated 

AI055M 

Not pemiitted 

Not pennitted 


COMMENTARY 

R20.6.1.4 Specifed concrete cover requirements for corrosive 
environments—Corrosive environments are defned in 19.3.1, 
R19.3.1, and R19.3.2. Additional information on corrosion in 
parking structures is given in ACI 362. IR. 

‘19.3.1 (3^1^ ‘Ujuiah ■•'t ’j;" » ‘ -'I Cjl.4ial4R20.6.1.4 

Jjj litjLujJl ujjaj JSUII (je 4.^U2al tiiL4jk.a .R19.3.2j ‘R19.3.1 

.ACI 362.1R J 

R20.6.1.4.1 Where concrete will be exposed to external sources of 
chlorides in service, such as deicing salts, brackish water, seawater, 
or spray from these sources, concrete should be proportioned to 
satisfy the requirements for the applicable exposure class in Chapter 
19. These include maximum w/cm, minimum strength for 
normalweight and hghtweight concrete, and maximum chloride ion 
in the concrete. Additionally, for corrosion protection, a specifed 
concrete cover for reinforcement not less than 50 mm. for walls and 
slabs and not less than 65 mm. for other members is recommended. 
For precast concrete members manufactured under plant control 
conditions, a specifed concrete cover not less than 40 mm. for walls 
and slabs and not less than 50mm . for other members is 
recommended. 

^ jjL.a.d uij^ R20.6.1.4.1 

dJA (j.4 JlJj jij dU.4j <1^1.411 dLuIlj JLa 

19 Jj4«.ah (jaajajil AlJail cjUllala ‘tulU '/‘"It" 

1 w/cm (, 54 ^ 1 »ja 

ija tiilij fjk ‘ 

(2)1 mm 50 inU JJa.4 Aii nb 

4 ji in'b .( 2 )i^Vl mm 65 >^0954^ 

-I <A*,„l , yajj 1 LAjjla daaJi 

mm 50 ( 2 )ljA?Jl (jimm 40 0* V 

.(2)jjiVl f.L4aftbU 


R20.6.2 Nonprestressed coated reinforcement 

‘Ukkih ^4luuR20.6.2 

R20.6.2.1 Zinc-coated (hot-dipped galvanized) bars (ASTM A767), 
epoxy-coated bars (ASTM A775 and A934), and zinc and epoxy 
dual-coated bars (ASTM A1055) are used in applications where 
corrosion resistance of reinforcement is of particular concern such 
as in parking structures, bridge structures, and other highly 
corrosive environments. 

(ASTM A767) ((jiL-Jl (j^-ilb Sbilka) djjJb SlLLa (jUbas R20.6.2.1 
djjlb SUaLa 4 (A934 j ASTM A775) c^ji^Vb SOaLa 5ia>i,ij 

(j4 (JSbh Jjijliall (bl l a J a ti h (^ jaJaJluu (ASTM A1055) 
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20.6.2.2 Deformed bars to be zinc-coated, epoxy-coated, or zinc 
and epoxy dual-coated shall conform to 20.2.1.3(a), (b), or (c). 


ji <^ 3^4 (2)1 *t^20.6.2.2 

ji (b) ji (a) 20.2.1.3 ^ 

(C). 


20.6.2.3 Wire and welded wire reinforcement to be epoxycoated 
shall conform to 20.2.1.7(a). 


dUaLoll iil^LyuSl't ^Ayujj iiliuill ^Uald j 20.6.2.3 

.(a) 20.2.1.7 2 r« 


20.6.3 Corrosion protection for unbonded prestressing 
reinforcement 

fjji ^La^i 20.6.3 

R20.6.3 Corrosion protection for unbonded prestressing 
reinforcement 

iajljl. j 4 l 1 I ,.'^U Qji ^1>a^1R20.6.3 

20.6.3.1 Unbonded prestressing reinforcement shall be encased in 
sheathing, and the space between the strand and the sheathing 
shall be completely filled with a material formulated to inhibit 
corrosion. Sheathing shall be watertight and continuous over the 
unbonded length. 

R20.6.3.1 Material for corrosion protection of unbonded 
prestressing reinforcement should have the properties identifed in 
19.1 of Breen et al. (1994). Typically, sheathing is a continuous, 
seamless, highdensity polyethylene material that is extruded 
directly onto the coated prestressing reinforcement. 

^ ^ 20.6.3.1 

4juLa I^Laj 

.Jajjjla jiAlbujj 

J.ua^ R20.6.3.1 

‘SjI* .(Breen et al. (1994 u-> 19.1 SJJa-dl (_yajL«aaJl iijljl. 

^ Cy^ dJL4 uLIiLlil 

.AUxaII JL^VI djAAll^ 

20.6.3.2 The sheathing shall be connected to all stressing, 
intermediate, and fixed anchorages in a watertight fashion. 


Ai&yujlAlIj Ail&Sl'l Ci-^ o‘^ ‘ 20.6.3.2 


20.6.3.3 Unbonded single-strand tendons shall be protected to 
provide resistance to corrosion in accordance with ACl 423.7. 


J£UII j^l ciUlVt 20.6.3.3 

.ACI 423.7 


20.6.4 Corrosion protection for grouted tendons 

20.6.4.1 Ducts for grouted tendons shall be grout-tight and 
nonreactive with concrete, prestressing reinforcement, grout, and 
corrosion inhibitor admixtures. 

R20.6.4 Corrosion protection for grouted tendons 

AAAfliUl liiblil JSLUI 54 ^U»J1 20.6.4 

^!iUl JSUII 0 - 20.6.4 

Al&lila 4_A^lIa 20.6.4.1 

.JSUII AxjIa CjliLuXaj ^Lyuj^l ^ 


20.6.4.2 Ducts shall be maintained free of water. 

R20.6.4.2 Water in ducts may cause corrosion of the prestressing 
reinforcement, may lead to bleeding and segregation of grout, and 

.^Ldl ijM 20.6.4.2 

may cause distress to the surrounding concrete if subjected to 
freezing conditions. A corrosion inhibitor should be used to 
provide temporary corrosion protection if prestressing 
reinforcement is exposed in the ducts for prolonged periods of 
time before grouting (ACI 423.7). 
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20.6.4.3 Ducts for grouted single-wire, single-strand, or single-bar 
tendons shall have an inside diameter at least 6 mm. larger than 
the diameter of the prestressing reinforcement. 

ji ji iillwJI 20.6.4.3 

in') jlaS mm 6 (j^ 

20.6.4.4 Ducts for grouted multiple wire, multiple strand, or 
multiple bar tendons shall have an inside cross-sectional area at 
least two times the cross-sectional area of the prestressing 
reinforcement. 

j\ SjjjluII ji SjjjluII (ifiluSlI CxS^ 20.6.4.4 

^ 

^JaLdl 

20.6.5 Corrosion protection for post-tensioning anchorages, 
couplers, and endfttings 

cjUjLall Qji ^La^I 20.6.5 

20.6.5.1 Anchorages, couplers, and end fttings shall be protected 
to provide long-term resistance to corrosion. 

CjULIaII 20.6.5.1 

,d£Lill AaSII 4djjla 


20.6.6 Corrosion protection for external post-tensioning 

jsiaIi ^La^i 20.6.6 

20.6.6.1 External tendons and tendon anchorage regions shall be 
protected to provide resistance to corrosion. 

‘"'t-f' 3^' * ‘'j ^La^ ‘ctt 20.6.6.1 


COMMENTARY 

^5U1 l.ill Cjiblil JSUll Oa ^UaJlR20.6.4 
J2j ^j'nn ^ JSUll ^ ^ ^LaII I jjnm R20.6.4.2 * 

|j| 4jaA&Ah LiljAlul ^ ‘.'y't: ^Ujil 

|j| JSUll Aua ^3^ ^La^ JSIaII ^La «l tliJajaj 

ACl ) i3^ 0^ 4jjjia CjIjaII tliljjill ^ (jAutAp ^aLaj tliJaju 

.(423.7 


R20.6.5 Corrosion protection for post-tensioning anchorages, 
couplers, and endfttings 

1^1 CjI^j^JaIIj CjUjIaII ^La^I R20.6.5 

R20.6.5.1 For recommendations regarding protection, refer to 4.2 
and 4.3 of Mojtahedi and Gamble (1978) and 3.4, 3.6, 5, 6, and 6.3 of 
Breen et al. (1994). 

J 4.2 ij^\ ^ ^Ia^L AlldUAll AjaaIIIa R20.6.5.1 

u-> 6.3 j 6 j 5 j 3.6 j 3.4 j (Mojtahedi and Gamble (1978 6- 4.3 

.(Breen et al. (1994 


R20.6.6 Corrosion protection for external post-tensioning 

Jia.'il CjlLlill JSUll 5 a ^UaJlR20.6.6 

R20.6.6.1 Corrosion protection can be achieved by a variety of 
methods. The corrosion protection provided should be suitable to the 
environment in which the tendons are located. Some conditions will 
require that the prestressing reinforcement be protected by concrete 
cover or by cement grout in polyethylene or metal tubing; other 
conditions will permit the protection provided by coatings such as 
paint or grease. Corrosion protection methods should meet the fre 
protection requirements of the general building code, unless the 
installation of external post-tensioning is to only improve 
serviceability. 

5^ ^^^Ha ^^^a^ R20.6.6.1 

5au ^ 'j;" 4 .uUa J^IaII AJa ^LaaII (jjSti 

^ CaIaa, VI jl fUasj U3^ 

lAjAjj 

CjUlklftj ^La^I JjLwij (2)1 

Jaid Jju La (2)% ^ ^ 4^1x11 p\lA\ 
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20.7 — Embedments 

20.7.1 Embedments shall not significantly impair the strength of 
the structure and shall not reduce fire protection. 

R20.7—Embedments 

R20.7.1 Any embedments not harmful to concrete or reinforcement 
can be placed in the concrete, but the work should be done in such a 
manner that the structure will not be endangered. Many general 
building codes have adopted ASME Piping Code B31.1 for power 

i>ll 20.7- 

^ LmIaII ^jlAa ^ 20.7.1 

. 

piping and B31.3 for chemical and petroleum piping. The licensed 
design professional should be sure that the appropriate piping codes 
are used in the design and testing of the system. The contractor 
should not be permitted to install conduits, pipes, ducts, or sleeves 
that are not shown in the construction documents or not approved 

20.7.2 Embedment materials shall not be harmful to concrete or 

reinforcement. 

by the licensed design professional. 

in\l j\ 4JLyu SjLia jj*Jl Jlj-a 20.7.2 

jjiil 20.7- 

^ jI ^Lyuj^b V 0^^ R20.7.1 * 

pUJi .^.^1 V JaxII ^ 

ui^UiU B31.3 j ^liall ‘rw'jSf ASME Piping Code B31.1 ^1*1' 

J^J «• j A.ti ‘ 

JjIaaU ^ 

^ SAajxa ji fLwuVl (^lAiLytt.4 ^ jl ^jl^.4 jj 

^OpAi^aII 

20.7.3 Aluminum embedments shall be coated or covered to 
prevent aluminum-concrete reaction and electrolytic action 
between aluminum and steel. 

R20.7.3 The Code prohibits the use of aluminum in structural 
concrete unless it is effectively coated or covered. Aluminum reacts 
with concrete and, in the presence of chloride ions, may also react 

5jLjijaJlj Jclii jld (ja cilij 20.7.3 

.jjjaJlj Cm Jclilllj 

electrolytically with steel, causing cracking, spalling, or both. 
Aluminum electrical conduits present a special problem because 
stray electric current accelerates the adverse reaction. Provision 

20.7.4 Reinforcement with an area at least 0.002 times the area of 
the concrete section shall be provided perpendicular to pipe 
embedments. 

26.4.1.4.1(c) prohibits calcium chloride or any admixture 
containing chloride from being used in concrete with aluminum 
embedments. 

jSSfl 5 j-a 0.002 UjjS jjSjj ^ 20.7.4 

Jjxll 

AilLa V| ^Lyu ^ ^l-i^Ayul R20.7.3 

^bjji i^Lyuj^l ^ .dUaLa jl jUi 

,La^^ jI jl 4^jAydlll ^ Laa ^ Lubj^ 

20.7.5 Specifed concrete cover for pipe embedments with their 
fittings shall be at least 40 mm. for concrete exposed to earth or 
weather, and at least 20 mm. for concrete not exposed to weather, 
or not in contact with ground. 

^bj^.£ll jblll 

26.4.1.4.1 JjLa^I 

^ ^Lyuj^l fjk AAl.i^lyul Qa Ja^l^ ji 

jjill fXlaCS CjJ^ O' 20.7.5 

JaVl mm 20 j ji mm 40 

.(jijVl ^ V j\ (jiJ.JJ V AjLm jail 
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CHAPTER 21—STRENGTH REDUCTION FACTORS 


21.1 —Scope 


~ 21 jioyi 

JMt 21.1 


R21—STRENGTH REDUCTION FACTORS 


R21.1 — Scope 


<UjlEI - 21 ^^aUl 

JM1R21.1 


21.1.1 This chapter shall apply to the selection of strength reduction 
factors used in design, except as permitted by Chapter 27. 

^ i .. <4*. ....'I tIi!)Labi.a 21.1.1 

,27 ^ ^* in La p i * I*!. ..I j A, .^lU 


R21.1.1 The purposes of strength reduction factors (pare: 

(l)to account for the probability of under-strength members due to 
variations in material strengths and dimensions; (2) to account for 
inaccuracies in the design equations; (3) to reflect the available 
ductility and required reliability of the member under the load 
effects being considered; and (4) to reflect the importance of the 
member in the structure (MacGregor 1976; Winter 1979). 


21.2—Strength reduction factors for structural concrete 
members and connections 

_ 21.2 


(p Sjill o^ljftiR21.1.1 

jLuShj Sjill lalij ^ Jii JLaH^I uLui^(l) 

^lldl (jjiSCll (3) ‘ tliVjLua ^ uLai^ (2)‘ ^JLdl 

(jjiSitjl (4) j ‘ i ij.'.vii j^b jaasLU 

Winter 1979).s (MacGregor 1976iJ%fh >.axll 


21.2.1 Strength reduction factors (p shall be in accordance with Table 
61.6.1, except as modified by 21.2.2, 21.2.3, and 21.2.4. 

‘61.6.1 ^ (j^aUu 21.2.1 

.21.2.4 j 21.2.3 j 21.2.2 (J pj U (iLblaaiL 


Table 21.2.1—Strength reduction factors ([> 


Action or structural element 

<t> 

Exceptions 

(a) 

Moment, axial force, or 
combined moment and 
axial force 

0.65 to 

0.90 in 
accordance 
with 21.2.2 

Near ends of preten¬ 
sioned members where 
strands are not fiilly 
des eloped. (j) shall be in 
accordance with 21.2.3. 

(b) 

Shear 

0.75 

Additional requirements 
are given in 21.2.4 for 
structures designed to 
resist earthquake effects. 

(c) 

Torsion 

0.75 

— 

(d) 

Bearing 

0.65 

— 

(«) 

Post-tensioned anchorage 

zones 

0.85 

— 

(f) 

Brackets and corbels 

0.75 

— 

(g) 

Struts, ties, nodal zones, and 
bearing areas designed m 
accordance witli stnit-and- 
tie metliod in Chapter 23 

0.75 

— 

(h) 

Components of coimec- 
tions of precast members 
controlled by yielding of 
steel elements in tension 

0.90 

— 

(i) 

Plain concrete elements 

0.60 

— 

0) 

Anchors in concrete 
elements 

0.45 to 

0.75 in 

accor¬ 
dance with 
Chapter 17 

— 


R21.2—Strength reduction factors for structural concrete 
members and connections 

~ R21.2 

R21.2.1 The strength reduction factors in this Code are 
compatible with the ASCE/SEl 7 load combinations, which are the 
basis for the required factored load combinations in Chapter 5: 

ASCE / j* J-Ijc R21.2.1 

; j“-l-^'l J-^»'l ^ AjjUxdl al;j‘-'I ^.a^l i SEl 7 

(e) Laboratory tests of post-tensioned anchorage zones indicate a 
wide range of scatter in the results. This obser- vation is addressed 
with a (p -factor of 0.85 and by limiting the nominal compressive 
strength of unconfmed concrete in the general zone to Q.llfJ in 
25.9.4.5.2, where X is defined in 19.6.4. Thus, the effective 
design strength of unconfmed concrete is 0.8V x 0.7>/c,' = 
0.6>/ri' in the general zone. 

(f) Bracket and corbel behavior is predominantly controlled by 
shear; therefore, a single value of cp = 0.75 is used for aU potential 
modes of failure. 

(J.4 ^jlaLlal ‘UIoxaII (a) 

Sjs u^j 0.85 Cy^ V * ^ ^ .^Luh ^ jiiil 

kfciO.7 (j^\ ^ -'ll AjauVI laxJah 

^11*111 ain't'I ijfi ijA iyJLULj .19.6.4 pjj ‘25.9.4.5.2 

ASkLdl ^ 'V X 0.7>.fci '= 0.6>.fci0.8 aj^ aaa .a l ) JjLuijail 

^ iiiU^ ‘Uaajiljj CjUjLa^lj tliLiSjLju |,''I*'I ^ ^ 

.J‘Alal&.ah laLuVI (p = 0.75 CH ‘La^ »l "I 
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21.2.2 Strength reduction factor for moment, axial force, or combined 
moment and axial force shall be in accordance with Table 21.2.2. 

ji Sjih ji (jiaitAj tlitiLabu (2)1 21.2.2 

.21.2.2 n't ijihj jjAah 

21.2.2.1 For deformed reinforcement, sty shall be fy/Es. For 
Grade 420 deformed reinforcement, it shall be permitted to take 
sty equal to 0.002. 

fy / Es 4*^ £ty *’'1 21.2.2.1 

0.002t5j'-" d-i £ty -1 i(420) 


21.2.2.2 For all prestressed reinforcement, sty shall be taken as 
0 . 002 . 

.0.002 -S ikjj ^ 2)1 £ty ‘Jtfa-VI 2 ;!^ 21.2.2.2 


COMMENTARY 

(i) The strength reduction factor (p for plain concrete members is 
the same for all potential modes of failure. Because both the 
flexural tension strength and shear strength for plain concrete 
depend on the tensile strength of the concrete, without the reserve 
strength or ductility that might otherwise be provided by 
reinforcement, equal strength reduction factors for moment and 
shear are considered to be appropriate. 


Lbui <bjiij jk ^UtacSl (p 0! (1) 

,.^1 ^bjij^ J.^^1 

pjxll 4^b^iAi!l djill ^ ..I 

R21.2.2 The nominal strength of a member that is subjected to 
moment or combined moment and axial force is determined for the 
condition where the strain in the extreme compression fiber is equal 
to the assumed strain limit of 0.003. The net tensile strain et is the 
tensile strain calculated in the extreme tension reinforcement at 
nominal strength, exclusive of strains due to prestress, creep, 
shrinkage, and temperature. The net tensile strain in the extreme 
tension reinforcement is determined from a linear strain distribution 
at nominal strength, shown in Fig. R21.2.2a for a nonpre- stressed 
member. Members subjected to only axial compression are 
considered to be compression-controlled and members subjected to 
only axial tension are considered to be tension-controlled. If the net 
tensile strain in the extreme tension reinforce- ment is sufficiently 
large( > 0.005), the section is defined as tension-controlled, for 
which warning of failure by excessive deflection and cracking 
may be expected. The 0.005 limit provides sufficient ductility for 
most applications. One condition where greater ductile behavior is 
required is in design for redistribution of moments in continuous 
members and frames, which is addressed in 6.6.5. Because 
redistribution of moment depends on the ductility available in the 
hinge regions, redistribution of moment is limited to sections that 
have a net tensile strain of at least 0.0005. If the net tensile strain in 
the extreme tension reinforcement is small ( ety), a brittle 
compression failure condition is expected, with little warning of 
impending failure. 

ijij 4.^X9 pjxU jl R21.2.2 

^ji.4h bi .>i't eiLli ^ Jlxajl ^t^Jl 

^j ‘ ^ 4jil .^'1 JUlLI ,0.003 u^J**'*" 

‘ (JlxftjVl i4.JA4jjVl 4j U till Auill 

^j.4 Jj UiiH AmiII .I*. AmiII (JIx&jI A<*yt 

j^axl R21.2.2a ^ jA 1.4£ 4 jb4 JULljl 

ijjjjjxj ^ bi .>iU 

Jaii •*" . bi .>i't ^jbj. ..U 

4.1^1 ^ 4^1 Jlx&jl tlut£ |4| ,4.9^1 ^ 

42 ^4hj 1 4^1 ^ 4Ji ^jlC’ ^Jaloh ‘(0.005 <) 4^ 1..4J 

4^1 j2jj j lajiAll (JaI&II ^ ‘^j4^ Cy* 

l^Lial i/'b" 4^1 0.005 

^ idjAluiAll CiljUaVlj pLuaC-Sfl ^ dJl^y 

^ ^LLoIl Aajxj dJlC'j Iji^ .6.6.5 

JIx&jI ^jiaLla 

d^^j9L<^ .jjAwtll klulS IjI .0.0005 0^ ^ 

^ ^ i ( (sty) 
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Before ACI 318-14, the compression-controlled strain limit was 
defined as 0.002 for Grade 420 reinforcement and all prestressed 
reinforcement, but it was not explicitly defined for other types of 
reinforcement. In ACI 318-14, the compression-controlled strain 
limit ety is defined in 21 . 2 . 2.1 and 21 . 2 . 2.2 for deformed and 
prestressed reinforcement, respectively. 

0.002 ''j' iaLJall fi i ACI 318-14 

^ ^ ‘ 420 ‘ 

^ jjiaJUll JUAiVl JaJi j»J ‘ ACI 318-14 (> 

1 JjkjAall lilJjJijil 21.2.2.2 j 21.2.2.1 l 3 lj.Ja.iV) 

Beams and slabs are usually tension-controlled, whereas columns 
may be compression-controlled. Some members, such as those with 
small axial forces and large bending moments, experience net tensile 
strain in the extreme tension reinforcement between the limits of 
0.005 and ety. These sections are in a transition region between 
compres- sion-controlled and tension-controlled. 

a±>cV) (2l) Ca^ itlillaiiUlIj tlilj.4^1 ^ ^ t.g Jjtf 

ijJu^ A^ja.4 ^4:!^ Jla i^UacSl) ,laj.Jail 

J 0.005 On A^) ^U^VI 

^ ii'l ^ ^^lala ^ .sty 

This section specifies the appropriate strength reduction factors for 
tension-controUed and compression-controlled sections, and for 
intermediate cases in the transition region. For sections subjected to 
combined axial force and moment, design strengths are determined 
by multiplying both Pn and Mn by the appropriate single value of 9 . 

1^1 4.3uiUa1) ijill ^IsLoll IIa 

A.j3ja.al| ,^lj!uV) 4^13141 ^ Alaujlall 

J Pn jatij ^ 4.^4a1I 

(p,J a^HaI) 4_4^lj]V[n 

A lower cp-factor is used for compression-controlled sections than 
for tension-controlled sections because compression-controlled 
sections have less ductility, are more sensitive to variations in 
concrete strength, and generally occur in members that support 
larger loaded areas than members with tension-controlled sections. 
Columns with spiral reinforcement are assigned a higher cp-factor 
than columns with other types of transverse reinforcement because 
spiral columns have greater ductility and toughness. For sections 
within the transition region, the value of cp may be determined by 
linear interpolation, as shown in Fig. R21.2.2b. 

-ti" ^ Jii (p d.4l£ -1 Ill ^ 

‘ j£) Uit ae. i 4 ^) 14 ^ 

^ SaacI ^ ,A^) 14 ^ ^ ,^l.J3cV) (y> j^) 

»i»ftSl) 0 ^ j»l) ^jLjuI) ija SiiftSl) Cyi 

J jlaJ) 
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Table 21.2.2—Strength reduction factor (|) for moment, axial force, or combined moment and axial force 


djillj JaIaa - 21.2.2 


Net tensile stain c, 

Classificatian 


Type of transverse reinforcement 

Spirals conforming to 25.7 J 

Other 

£r<en 

Compression-controlled 

0.75 

(a) 

0.65 

(b) 

£,,.<£,<0.005 

Transition^’' 

(£ —£ ) 

0.75 + 0.15-5-^^-^ 

(0.005-£j 

(c) 

0.65 + 0.25 

(0.005-£„.) 

(d) 

£,>0.005 

Tension-controlled 

0.90 

(c) 

0.90 

(0 


I'lpor scdionii claKtificd a& traiuition. it shall be permilted to use ^ coticspunding lo cumpressioDH-'ontailled sections. 


'.<^*..'1 Ut .> 1 " a ail Is ..'I ^hUA." (|) »l <-s*- ^LAUU 42^j.a£ ^ ai.^s'l ^I^aII [1] 



to the tension face 

Fig. R21.2.2a—Strain distribution and net tensile strain in a 
nonprestressed member. 

(jjsAA ^ JUijVlj JblijVl jjJjj - R21.2.2a 


<t> 



Fig. R21.2.2h—Variation of (ft with net tensile strain in 
extreme tension reinforcement. Ex. 

,£t aih^l ^ulyuJ JljLftjVt ^ (|) - U 21 
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21.2.3 For sections in pretensioned members where strand is not 
fully developed, cp shall be calculated at each section in 
accordance with Table 21.2.3, where ftr is calculated using Eq. 
(21.2.3), bdb is the debonded length at the end of the member, fse 
is the effective stress in the prestressed reinforcement after 
allowance for all losses, and fd is given in 25.4.8.1. 


jjjlaj ^ ^ jj.dUiLU ^ 21 . 2.3 

^ ^ 21.2.3 ^ q) 

fse ‘ ^ iajljlah Jjla jA {db ‘ (21.2.3 ) {tr 

i Jiu ^ Jlxlll jA 

.25.4.8.1 fd f-^\ 


I 


tr 



(21.2.3) 


Table 21.2.3—Strength reduclion faclor cp for seclions near the 
end of pretensioned members 

jA^bjdl ^^4 ^jaII (p J.abL.4 - 21 . 2.3 


Table 21.2.3—Strength reduction factor ^ for 
sections near the end of pretensioned members 


Condi¬ 
tion near 

end of 

member 

Stress in 

concrete 

under ser¬ 
vice load'*' 

Distance from 

end of member 

to section under 

consideration 

if 

.All 

strands 

bonded 

Not 

applicable 

<(^ 

0.75 

(a) 

Gto (d 

Linear 

inteipolatiou from 
0.75 to 0.90'-' 

(b) 

Oue or 

more 

strands 

debonded 

No tension 

calculated 

<(Gs + G) 

0.75 

(c) 

{(db-^ (d) 

Linear 

interpolation from 
0.75 to 0.90'-' 

(d) 

Tension 

calculated 

<((db + (^) 

0.75 

(e) 

(7rf6+G)tO 

((db + 2(d) 

Linear 

interpolation from 
0.75 to 0.90t’l 

(f) 


■''Stress calculated using gross cross-sectioual properties in extreme concrete fiber of 
precoinpressed tension zone tmder sercice loads after allowance for all prestress losses 
at section under consideration. 

■-'It shall be peratitted to use a strength reduction factor of 0.7.S, 


[1] Stress calculated using gross cross-sectional properties in extreme 
concrete fiber of precompressed tension zone under service loads after 
allowance for all prestress losses at section under consideration. 

[2] It shall be permitted to use a strength reduction factor of 0.75. 

^bucjlbi ^ jidi ^laldl cjbu^ ^ [1] 

Jb^i bbi lifuM .rbll Allala ^ A^^jlbll 

,b.uljdl ^ 

. 0.75 J.aU.a [ 2 ] 


R21.2.3 If a critical section along a pretensioned member occurs in a 
region where the strand is not fully developed, bond slip failure may 
occur. This mode of failure resembles a brittle shear failure; hence, <p 
values for flexure are reduced with respect to a section where all 
strands are fully developed. For sections between the end of the 
transfer length and the end of the development length, the value of cp 
may be determined by linear interpolation, as shown in Fig. 
R21.2.3a. 

^ ^ a abb ^ ^ R21.2.3 

4.4^ ,buj^l ^ JljLgjI i 1^^ 

^ ^laLdb Lo^ ^ 

plj^bU 4j>inlb .d>al£ 

^ jA LaS iaujlall AJawjljj (p 

.R21.2.3a 


Where bonding of one or more strands does not extend to the end of 
the member, instead of more rigorous analysis, cp may be 
conservatively taken as 0.05 from the end of the member to the end 
of the transfer length of the strand with the longest debonded length. 
Beyond this point, cp may be varied linearly to 0.90 at the location 
where all strands are developed, as shown in Fig. R21.2.3b. 
Alternatively, the contribution of the debonded strands may be 
ignored until they are fully developed. Embedment of debonded 
strand is considered to begin at the termination of the debonding 
sleeves. Beyond this point, the provisions of 65.4.8.1 are used to 
determine whether the strands develop over a length of fd or 2fd, 
depending on the calculated stress in the precom- pressed tension 
zone under service loads (Fig. R21.2.3b). Strand with a slightly 
rusted surface can have an appreciably shorter transfer length than 
clean strand. Gentle release of the stand will permit a shorter transfer 
length than abruptly cutting the strands. 

J^\ ijA LiljiaStl ^ jj£i ji jIm V LAbic 

^^4 ^^4 Qa 05^0 41 ^ (p 

Ukk (p Oi i^Jaiill »Ia (ja JxjI .Jjlall ciSjj »j42 JjlaL Jjlbll 

fjA ^JajA jA La£ ^AA ‘"'y'' ^ ^jll ^jaII fjA 90‘0 

,JaI£11j ^ 4_aAUaa ^ ^ 4fillj ^ .R21.2.3b 

-■ '^7,,.l ^ tJA ijA .lui .^LaSVI ^ .lie ^IjJl j41*^ 

iJlAAfrl I 2(d ji (d I "in" bi^Llbll b4l£ |j| La 65.4.8.1 

<LaJ^I JLa^I bia4 4jaj<.1 ia') AaIoIa ^ 1*>«-t"" u^C’ 

(JA jAsSi Jil Jjla 51^ ^A-all ^Ja > A l) jj iJjLill Jjlal ^jSaj .(R21.2.3b 

biUa^lAll ^JaS ^ jAdSi Jgl Jjlaj eiJalll ^aaa^j j ajhftt Jjibll 

,^ A L ft A 
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End of 

member la 

and free Distance from free end of strand 

end of strand 

Fig. R21.2.3a- Variation of tp with distance from the free end of 
strand in pretensioned member with fully bonded strands. 

.1^1 j.ua& ^ ^ ^ (p R21.2.3a-Ll^^i 

,LaL4j ^ 



Note: The location of the end of development length 
depends on the calculated stresses in the extreme concrete 
fiber of the precompressed tension zone under service loads. 


Fig. R21.2.3b-Variation of 9 with distance from the free end of 
strand in pretensioned member with debonded strands. 

^ Jjl£ ^ 0 ^ ^ (p R21.2.3b-J^^i 
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21.2.4 For structures that rely on elements in (a), (b), or (c) to 
resist earthquake effects E, the value of 9 for shear shall be 
modified in accordance with 61.6.4.1 through 61.6.4.3: 

(a) Special moment frames 

(b) Special structural walls 

(c) Intermediate precast structural walls in structures assigned to 
Seismic Design Category D, E, or F 

ji 1 1 ^ ijlC’ .luju ejl dnnU 21.2.4 

:61.6.4.3 61.6.4.1 4 Usj (j'aih (p 4^ i E J'jljlt 

j4a! (i) 

1 »'l ejl 4n n't ^ 4ai.,i» 4jaujlall (2) 

F jiE ji\) 

21.2.4.1 For any member designed to resist E, cp for shear shall be 
0.60 if the nominal shear strength of the member is less than the 
shear corresponding to the development of the nominal moment 
strength of the member. The nominal moment strength shall be 
calculated considering the most critical factored axial loads and 
including E. 

^jlLa |j| 0.60 (p ‘E 21.2.4.1 

Au.a.ujVl ^Uxail 4^ (Jii 

a H in all JLa^Sb ij^ AjauiVI pjidi ^jLLa 

,E J flnn j j. if% \l ^ 4.^ 

21.2.4.2 For diaphragms, cp for shear shall not exceed the least 
value of <p for shear used for the vertical components of the 
primary seismic-force-resisting system. 

(p (p 4 jJj Vi 4^ 4 i&bU 4j.21.2.4.2 

djill ^jH.a 4_ujji^l A^ m LhjiVt iliUjLdl ^ aU 

21.2.4.3 For beam-column joints and diagonally reinforced 
coupling beams, <p for shear shall be 0.85. 

djjiaS J^Lkal 4 -ua.\.\Ij 21.2.4.3 

.0.85 j* u'aill (p 


COMMENTARY 

R21.2.4.1 This provision addresses shear-controlled members, such as 
low-rise walls, portions of walls between openings, or diaphragms, for 
which nominal shear strength is less than the shear corresponding to 
development of nominal flexural strength for the pertinent loading 
conditions. 

4.J34,-x1a1) j4^I 14 ^ fLlacSd IJA Jj^lu R 21 . 2 . 4.1 

aji Jii i AjjicSfl ji i ibLajill c)'jVl 
.uaaUaII Jja&HI AaaajjVI pU^VI 4aaajjV1 


R21.2.4.2 Short structural walls were the primary vertical elements of 
the lateral-force-resisting system in many of the parking structures 
that sustained damage during the 1994 Northridge earthquake. In some 
cases, walls remained essentially linear elastic, while diaphragms 
responded inelastically. 

^jVl 4^ijll R 21 . 2 . 4.2 

fLui jlj4ai I4J cijij 0 ^ AiJjlII ^ AjUKll ajlll ^jlLa 

^ (2)1 jAadl iluiL iCjVl.^1 .1994 JJ^ JlJ^j 

JJI& 4^jlaj iIiJj 

This provision is intended to increase strength of the diaphragm and its 
connections in buildings for which the shear strength reduction factor for 
walls is 0.60, as those structures tend to have relatively high overstrength. 

JaI£ ( 2 ii% <y4^1 u^l ^^^1 1 ^ 

.1 nnn l^jjl ojfii ( 2)1 (j^\ ( 2 )^ ‘0.60 u^l 
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CHAPTER 22—SECTIONAL STRENGTH 

{Jaill - 22 y^dUl 

22.1 — Scope 

JMt 22.1 

R22—SECTIONAL STRENGTH 

{JaEI - R22 

R22.1 — Scope 

Jbj-ll R22.1 

22.1.1 This chapter shall apply to calculating nominal strength at 
sections of members, including (a) through (g): 

R22.1.1 The provisions in this chapter apply where the strength of the 
member is evaluated at critical sections. 

Lu ^ 22.1.1 

:(j) (i) 

^ jJaxll 9jS ijlC: ^ 9Jjljll R22.1.1 

.4AjaJl 

(a) Flexural strength 

(b) Axial strength or combined flexural and axial strength 

(c) One-way shear strength 

(d) Two-way shear strength 

(e) Torsional strength 

(f) Bearing 

(g) Shear- friction 


pU^Vl 

djUlj ^U^Vl ji 

l_gi 

Jjwaall (j) 


22.1.2 Sectional strength requirements of this chapter shall be 
satisfied unless the member or region of the member is designed 
in accordance with Chapter 23. 

R22.1.2 Chapter 23 provides methods for designing discontinuity 
regions where section-based methods do not apply. 

a^uUll (3^1^ V ^Ua^l 3^' iljia 23 2~2~11 

*j^ ^ La ^laLoll ^jH.a iliUlLla 22.1.2 

.23 lisj ^ AlLloll ji 

Ijlc- 

22.1.3 Design strength at a section shall be taken as the nominal 
strength multiplied by the applicable strength reduction factor tp given 
in Chapter21. 


AjamjVI ^ La ^lai.a ^ ^22.1.3 

.21 ^ ^^oxaII q) AlJaAll ^jI^aII ^^Ixa ^ ^jjA^xa 
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22.2—Design assumptions for moment and axiai 
strength 

[fttainill aUiljirfl - 22.2 

22.2.1 Equilibrium and strain compatibility 

JUilVl (jaljjj 22 . 2.1 

22.2.1.1 Equilibrium shall be satisfied at each section. 

.^laLa Js ^ f'Uj'i ■ nt 22.2.1.1 


22.2.1.2 Strain in concrete and nonprestressed reinforcement shall 
be assumed proportional to the distance from neutral axis. 

in'tj ^Lji fjk JlxijVI (2)1 22.2.1.2 

22.2.1.3 Strain in prestressed concrete and in bonded and unbonded 
prestressed reinforcement shall include the strain due to effective 
prestress. 

in\l AjLyjJI x&jVI ( 2 )^ *.oj 22 . 2 . 1.3 

,Jlxlll lajljld JojIjIaII jL^VI 


22.2.1.4 Changes in strain for bonded prestressed reinforcement shall 
be assumed proportional to the distance from neutral axis. 

ijjStj Jaj|jlall inU JlxljVI Cj|jjalll (2)1 22.2.1.4 


COMMENTARY 

R22.2—Design assumptions for moment and axiai 
strength 

(tiMiidihJI lilLilljlirfl - R22.2 

R22.2.1 Equilibrium and strain compatibility —The flexural 
and axial strength of a member calculated by the strength design 
method of the Code requires that two basic conditions be satisfied; 
(1 equilibrium; and 2) compatibility of strains. Equilibrium refers to 
the balancing of forces acting on the cross section at nominal 
strength. The relationship between the stress and strain for the 
concrete and the reinforcement at nominal strength is established 
within thedesign assumptions allowed by 22.2. 

jJaxU SjSll udlaru (jSljJ — R22.2.1 

..1, ..t f.t tj*;. lit ^ djill *j '''* 

4d.alxll Qjljjll Jjr^ .JULilVI (2 ‘ 

. 22.2 ^ < in 1 ...j. ..i*; AjaujVI 


R22.2.1.2 Many tests have confirmed that it is reason- able to 
assume a linear distribution of strain across a reinforced concrete 
cross section (plane sections remain plane), even near nominal 
strength except in cases as described in Chapter 23. The strain in 
both nonprestressed reinforcement and in concrete is assumed to be 
directly proportional to the distance from the neutral axis. This 
assumption is of primary importance in design for determining the 
strain and corrsponding stress in the reinforcement. 

JlxijiU Ula^ O' O* ''j' sJjJft cjI jljjil cjJSi R22.2.1.2 

i ijA Jlu) ^ ^Jalia 

(2)i .23 ^Lulub AjauVI 0 ^ 

^ i^iiitri'i ^ JIjl&jVI 

^ <LuLjii AaaA] jj jua.4ll Qa 

.^j'liil') ^ 

R22.2.1.4 The change in strain for bonded prestressed reinforcement 
is influenced by the ehange in strain at the section under consideration. 
For unbonded prestressed reinforcement, the change in strain is 
influenced by external load, reinforcement location, and boundary 
conditions along the length of the reinforcement. 

^ jjuulb jixijVI ^ R22.2.1.4 

JJkHI i iauJAll 4^.4jJlb ^ 

..*'1 cijjiaj 1 J.>^b JlxijVI ^ 

Current Code equations for calculating fp^ for unbonded tendons, as 
provided in 20.3.2.4, have been correlated with test results. 

UHja^Ia jA LiS uLuaJ Jajj ^ 

oLuiVl ^IIL .20.3.2.4 J 
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22.2.2 Design assumptions for concrete 

(tiMiidikJI lilLdljikil 22 . 2.2 

22.2.2.1 Maximum strain at the extreme concrete compression 
fiber shall be assumed equal to 0.003. 

jaJl ciUli Jjc JUill O' 22 . 2 . 2.1 

.0.003 


22.2.2.2 Tensile strength of concrete shall be neglected in flexural and 
axial strength calculations. 

djilij fU^VI ^jH.a cjLLjj^ ^ JLaAI 22.2.2.2 


22.2.2.3 The relationship between concrete compressive stress and 
strain shall be represented by a rectangular, trapezoidal, parabolic, or 
other shape that results in prediction of strength in substantial 
agreement with results of comprehensive tests. 

JlxiiVlj iaauial^ jLu 22 . 2 . 2.3 

ji ji t 4.^ jj JjialuM 


COMMENTARY 

R22.2.2 Design assumptions for concrete 

tilLdljihil R22.2.2 

R22.2.2.1 The maximum concrete compressive strain at crushing of 
the concrete has been observed in tests of various kinds to vary 
from 0.003 to higher than 0.008 under special conditions. However, 
the strain at which strength of the member is developed is usually 
0.003 to 0.004 for members of normal proportions, materials, and 
strength. 

^ Ajc Jlxijl R22.2.2.1 

LJjjla (Jla ^ 0.008 i/\ 0.003 U-> Silica ^\jj\ liljblil 

0.003 jJaafl ijfi ilu.uj flj JlxijVI 

.ajibj Jljallj uiuull till j f UiacbU 0.004 

R22.2.2.2 The tensile strength of concrete in flexure (modulus of 
rupture) is a more variable property than the compressive strength 
and is approximately 10 to 15 percent of the compressive strength. 
Tensile strength of concrete in flexure is conservatively neglected 
in calculating the nominal flexural strength. The strength of 
concrete in tension, however, is important in evaluating cracking 
and deflections at service loads. 

jjSi ^ ^(_jj.al!l J.aU.4^ ^LiliVI 5jLjijadl Ai^l (2)1 R22.2.2.2 

^ .LUiJaiVI ajS ija ^Ldl 15 i_^\ 10 SdjuJaj'i\ iLajlia Ijju 

.AaAuiVI ^UajVI uLui^ Ja^l JLaAl 

R22.2.2.3 At high strain levels, the stress-strain relationship for 
concrete is nonlinear (stress is not proportional to strain). As stated 
in 22.2.2.1, the maximum usable strain is set at 0.003 for design. 
The actual distribution of concrete compressive stress within a cross 
section is complex and usually not known explicitly. Research has 
shown that the important properties of the concrete stress 
distribution can be approximated closely using any one of several 
different assumptions for the shape of the stress distribution. 

JlxijVlj Jl^VI Cxs^ ‘ Ale R22.2.2.3 

^ ‘22.2.2.1 LxJill i-ujjLuj V) ‘Ula^ 

JakJall tlibl^V (jliill ^Ju^l .('jnin'i" 0.003 Jbiijl 

uj£ (j^ (j^ i^kuj^l JaxJall ‘t.a^.All .^411 

.JaLIill ^JtjJ SjjJxil ^ -'ll tliLidljjiVI Cy iS^ .1 <4*. iil^i 
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22.2.2.4 The equivalent rectangular concrete stress distribution in 
accordance with 22.2.2.4.1 through 22.2.2.4.3 satisfies 22.2.2.3. 

22.2.2.4.1 a- ^ 22.2.2.4 

.22.2.2.3,22.2.2.4.3 

22.2.2.4.1 Concrete stress of 0.85fc' shall be assumed uniformly 
distributed over an equivalent compression zone bounded by edges of 
the cross section and a line parallel to the neutral axis located a 
distance a from the fiber of maximum compressive strain, as 
calculated by: 

jjalla Jidu AajJjj ^ 0.85fc' 22.2.2.4.1 

jj'- AiSLLa SaSuSa AjlaLa 

‘.'j--1-«Jlxiji ciUli ijA a ^^c■ 

a = p,c- (22.2.2.4.1) 

22.2.2.4.2 Distance from the fiber of maximum compressive 
strain to the neutral axis, c, shall be measured perpendicular to the 
neutral axis. 

(. JUlli ciLli 0 ^ 1 ^ 22 . 2 . 2 . 4.2 

JJ.V ( Q 

22.2.2.4.3 Values of pi shall be in accordance with Table 
22.2.2.4.3. 

.22.2.2.4.3 pi O' 22.2.2.4.3 

Table 22.2.2.4.3—Values of pi for equivalent rectangular 
concrete stress distribution 

SjLjijadl pi -22.2.2.4.3 Jj'isdl 


COMMENTARY 

R22.2.2.4 For design, the Code allows the use of an equivalent 
rectangular compressive stress distribution (stress block) to replace 
the more detailed approximation of the concrete stress distribution. 

JJaluu iaauia A-ujiIllj R22.2.2.4 

■ "V 

R22.2.2.4.1 The equivalent rectangular stress distribution does not 
represent the actual stress distribution in the compression zone at 
nominal strength, but does provide essentially the same nominal 
combined flexural and axial compressive strength as obtained in 
tests (Mattock et al. 1961). 

^ Jlu V R22.2.2.4.1 

L'ulLul) 'bilj 1 <U.Aul) SjS Jjc 

.( Mattock et al. 1961) cjljL^VI LfJc. us Lfu4j 


R22.2.2.4.3 The values for pi were determined experimentally. The 
lower limit of pi is based on experimental data from beams 
constructed with concrete strengths greater than 55 MPa (Leslie et 
al. 1976; Karr et al. 1978). 

UULu pi (> JadI pi 4!-^ R22.2.2.4.3 

Leslie et al.) U^ 55 ch dAuUIl djaSlI ^ 

.(Karr etal. 1978 ^1976 


Table 22.2.2.4.3—Values of Pi for equivalent rect¬ 
angular concrete stress distribution 


MPa 

Pi 


17<X'<28 

0.85 

(a) 

28 <// < 55 

o 

bo 

'-n 

I 

O 

o 

r 

K) 

00 

(b) 

.fc'>55 

0.65 

(c) 
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COMMENTARY 

22.2.3 Design assumptions for nonprestressed reinforcement 


22,2,3 


22.2.3.1 Deformed reinforcement used to resist tensile or 
compressive forces shall conform to 20.2.1. 


ji 22.2.3.1 

.20.2.1 a- 


22.2.3.2 Stress-strain relationship and modulus of elasticity for 
deformed reinforcement shall be idealized in accordance with 
20 .2.2.1 and 20.2.2.2. 


^lAuuH (J-aU-aj JlxijVlj 22.2.3.2 

.20.2.2.2 j 20.2.2.1 ^ iJ o>^» 


22.2.4 Design assumptions for prestressing reinforcement 


jL^.xV1 22.2.4 


22.2.4.1 For members with bonded prestressing reinforcement 
conforming to 20.3.1, stress at nominal flexural strength, , fps, 
shall be calculated in accordance with 20.3.2.3. 


^ iajljlall AjmuIL 22.2.4.1 

.20.3.2.3 ‘ fps pUxjVl ^jlla .iift j 14 aV 1 t-jLwix ^ ‘20.3.1 


22.2.4.2 For members with unbonded prestressing reinforcement 
conforming to 20.3.1, fps shall be calculated in accordance with 
20.3.2.4. 


^ Jajljla j^l CilJ ja^LjlU AjmuIL 22.2.4.2 

.20.3.2.4 -1 fps Q\ i 20.3.1 


22.2.4.3 If the embedded length of the prestressing strand is less 
than td, the design strand stress shall not exceed the value given in 
25.4.8.3, as modified by 25.4.8.1(b). 


Vi *-4^ i td U-* o-“ 22.2.4.3 

^ ( 25.4.8.3 4-4^1 

.(b) 25.4.8.1 jiJi" 
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22.3 -Flexural strength 

22.3.1 General 

jL^I - 22.3 

COMMENTARY 

R22.3—Flexural strength 

jtUi - R22.3 

22.3.1 


22.3.1.1 Nominal flexural strength Mn shall be calculated in 
accordance with the assumptions of 22 . 2 . 


.22.2 Mn 22.3.1.1 


22.3.2 Prestressed conerete members 

jIAia2I jtelis 22.3.2 


22.3.2.1 Deformed reinforcement conforming to 20.2.1, provided 
in conjunction with prestressed reinforcement, shall be permitted 
to be considered to contribute to the tensile force and be included 
in flexural strength calculations at a stress equal to fy. 


0j^jj ^ ‘ 20.2.1 ^Uxall 22.3.2.1 

'-*1 Afwkll g ^ 

.fy pU^Vl 


22.3.2.2 Other nonprestressed reinforcement shall be permitted to 
be considered to contribute to the flexural strength if a strain 
compatibility analysis is performed to calculate stresses in such 
reinforcement. 


^ 4-aALyiMll ^LaA.ull 22.3.2.2 

(Jla ^ CibL^VI JUajVI ^ pU^Vt 


22.3.3 Composite concrete members 

i^jL\ 4mLi>1I >0Uall 22.3.3 

R22.3.3 Composite concrete members 

iySjll iyUj^l jiieUall 22.3.3 

22.3.3.1 Provisions of 22.3.3 apply to members constructed in 
separate placements but connected so that all elements resist loads 
as a unit. 

R22.3.3.1 The scope of Chapter 22 is intended to include composite 
concrete flexural members. In some cases, with cast-in-place 
concrete, separate placements of concrete may be designed to act as 
a unit. In these cases, the interface is designed for the loads that will 

j*^Usdl 22.3.3 22.3.3.1 

JLa^VI 

be transferred across the interface. Composite structural steel- 
concrete beams are not covered in this chapter. Design provisions 
for these types of composite members are covered in AISC 360. 

22.3.3.2 For calculation of Mn for composite slabs and beams, use of 
the entire composite section shall be permitted. 

Qa .liMatij 1*3~3~2~3 

(jk ^Lyuj^l ^ 

Mn 22.3.3.2 

,A1aSIj 

JLa&^U ^ (jk .di^j ^IIaj 

djA^l 11 a ijisau V 

^ A^j.all pLua&Sfl d<^ ^ 

22.3.3.3 For calculation of Mn for composite slabs and beams, no 
distinction shall be made between shored and unshored members. 

.AISC 360 

jjaaHI V Mn 22.3.3.3 
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22.3.3.4 For calculation of Mn for composite members where the 
specified concrete compressive strength of different elements varies, 
properties of the individual elements shall be used in design. 
Alternatively, it shall be permitted to use the value of fc' for the element 
that results in the most critical value of Mn. 


COMMENTARY 


Jaa.ua j^UaJI Mn 22 . 3 . 3.4 

^ i lal, ,i.,U j^UaJI ^^'<1 .1 <41. ,il a'l-v.,'! j^UaJJ ^ -'I 

jj£VI A,ja^ ^ 

.Mn -1 


22.4 —Axial strength or combined flexural and axial 
strength 

<yj^l djiMill - 22.4 

22.4.1 General 

22.4.1 


R22.4—Axial strength or combined flexural and axial 
strength 

djiMill |9>aJI ^1 <yj^l 6^1 - R22.4 


22.4.1.1 Nominal flexural and axial strength shall be calculated in 
accordance with the assumptions of 22.2. 

CjUJaljjSl I—AuauiVI ^jlLa 22 . 4 . 1.1 

.22.2 


22.4.2 Maximum axial compressive strength 

JaiuJa Juijlia 22 . 4.2 

22.4.2.1 Nominal axial compressive strength Pn shall not exceed 
Pn,max in accordance with Table 22.4.2.1, where Po is calculated by Eq. 
(22.4.2.2) for nonprestressed members and composite steel and concrete 
members, and by Eq. (22.4.2.3) for prestressed members. 

Pn,max JaxJih Pn Jjtauj ( 2)1 V 22.4.2.1 

j^UalJ (22.4.2.2) AJauljj Pq ^ ‘22.4.2.1 

‘Uauiljj jV.^1 jAdUcj ‘tifuiA J^l 

^U»JJ (22.4.2.3) 

Table 22.4.2.1—^Maximum axial strength 

Juijlia (y-aSi - 22 . 4 . 2.1 Jj-l*' 


Member 

Transverse 

reinforcement 

Pmjmmx 


Nopprcslrcsscd 

Ties conforming to 

22.4.2.4 

0.80/*, 

(a) 

Spirals conforming to 
22.4.2.5 

0.85P. 

(b) 

Prostrcsscd 

Tics 

0.80P, 

(c) 

Spirals 

0.85P, 

(dl 

Composite steel and concrete 
colunuts in accordance with 
Chi)plcr 10 

All 

0.85P, 

(c) 


22.4.2.2 For nonprestressed members and composite steel and concrete 
members, Po shall be calculated by: 

^ I ‘USjaJI jV .,^1 j^U&j AIjaaa j.*^UxlJ 22 . 4 . 2.2 

;4jauit^ Po 

= 0.85/;(4 - AJ +f^„ (22.4.2.2) 


R22.4.2 Maximum axial compressive strength 

JaauJah SjaI •1^IR22.4.2 

R22.4.2.1 To account for accidental eccentricity, the design axial 
strength of a section in pure compression is limited to 80 to 85 
percent of the nominal axial strength. These percentage values 
approximate the axial strengths at eccentricity-to-depth ratios of 
0.10 and 0.05 for tied and spirally reinforced members conforming 
to 22.4.2.4 and 22.4.2.5, respectively. The same axial load 
limitation applies to both cast-in-place and precast compression 
members. 

4 4_^.JajaJ| uLuiaJ R22.4.2.1 

.AaauVI ^ ^Lah ^ S5 (j^\ 80 JaiaJih ^ ^JalaJ 

^ ‘LjjiAJI uaaJJI dj^l Jal^ AauuII ^ 

‘22.4.2.5 j 22.4.2.4 o>-dl (‘UJiftiU 0.05 j 0.10 

^ JaiuJah ^UJaCl ‘Lu&j (jaU 


where Ast is the total area of nonprestressed longitudinal reinforcement. 

(Jaajia ^jJah ^aLaUI ‘UJ£JI ^LuiaJI ^ Ast 
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22.4.2.3 For prestressed members, Po shall be calculated by: 

COMMENTARY 

R22.4.2.3 The effects of prestressing on the axial strength of 

Pq ^ i AlxyiM jA^UxU AjmiHL 22 . 4 . 2.3 

compression members are taken into account in Eq. (22.4.2.3). 
Equation (22.4.2.3) is similar to Eq. (22.4.2.2) for nonprestressed 
compression members. The effective area of concrete subjected to 

= 0.85/,'(.4, - A„ - -V - (4 - 0.003£,Mp, (22.4.2.3) 

the limiting stress of 0.85fc' is reduced by the term Apd to account 
for the area of ducts, sheathing, and prestressing reinforcement. A 

where Apt is the total area of prestressing reinforcement, and Apd 
is the total area occupied by duct, sheathing, and prestressing 
reinforcement; the value of fse shall be at least O.OOSEp. For 
grouted, post-tensioned tendons, it shall be permitted to assume 
Apd equals Apt. 

third term is added to account for the reduction of column capacity 
due to the prestressing force. At nominal strength, the stress in the 
prestressing reinforcement, fse, is decreased by 0.003Ep, where 
0.003 is the assumed compressive strain at the axial capacity of the 
member. 

Apd J Apt 

0 ^^ Ci^ Lg 

q\ ^ j14j Aja^JIIj .0.003Ep 

.Apt Apd 

^ pLJaC-Sf j^b R22.4.2.3 

(2‘2‘2‘22) 4^^ (22.4.2.3) .(Eq. (22.4.2.3 J jW^Vl 

Aa^jxaII ^Lyuj^ ^ pLuaC-V 

j ( uLluIlj i dUill A^iala uLyu^ Apd 4 ^ 0.85fc' 

UUA.UJ Axaa ^ uLyu^ bilb ^diaA^.4 t 

22.4.2.4 Tie reinforcement for lateral support of longitudinal 
reinforcement in compression members shall satisfy 10.7.6.2 and 
25.7.2. 

fse i^3^-uyall JaLuall ^ tA^^yiVI djill ^ jI^VI 

Axyull ^ ij ^JlxijVI Jaxuill jA 0.003 ^ 0.003Ep ^ 

^ ^jlyiull A^l^l dJ^jU AlJaluMll 22 . 4 . 2.4 

.25.7.2 j 10.7.6.2 


22.4.2.5 Spiral reinforcement for lateral support of longitudinal 
reinforcement in compression members shall satisfy 10.7.6.3 and 
25.7.3. 


^ ^Awull A^l^l dJ^jU CiUl£ll 22 . 4 . 2.5 

.25.7.3 j 10.7.6.3 


22.4.3 Maximum axial tensile strength 

Ami (jiidal 22.4.3 


22.4.3.1 Nominal axial tensile strength of a nonprestressed, 
composite, or prestressed member, Pnt, shall not be taken greater 
than Pnt, max, calculated by: 


* * J V 22.4.3.1 

tPnt, max ‘ Pnt ji 


Pn,^ =fA< + (/- + (22.4.3. 1 ) 


where (fse + /lip) shall not exceed fpy, and Apt is zero for 
nonprestressed members. 


jjiil ^UxU ^ Apt j ‘ fpy Vi (fse + / Ifp) 
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22.5 —One-way shear strength 

22.5.1 General 

oUiiSI oOAll - 22.5 

22.5.1 

22.5.1.1 Nominal one-way shear strength at a section, Vn, shall 
be calculated by; 

0^ ‘ Vn C.ujiSh ^jlLa uLui^ ^ 22.5.1.1 

K=K+y, (22.5.1.1) 


22.5.1.2 Cross-sectional dimensions shall be selected to satisfy 
Eq. (22.5.1.2). 

.( 22 . 5 . 1 . 2 ) Jill jjaidi Jbui jblil 22 . 5 . 1.2 

l/„ <(p(l/^+.066 V/Xd) (22.5.1.2) 

22.5.1.3 For nonprestressed members, Vc shall be calculated in 
accordance with 22.5.5, 22.5.6, or 22.5.7. 

jA LaI llfij Vc uLaI^I ^ AImma j^l j^UiU A \i inlL 22.5.1.3 

.22.5.7 ji 22.5.6 ji 22.5.5 

22.5.1.4 For prestressed members, Vc, Vci, and Vcw shall be 
calculated in accordance with 22.5.8 or 22.5.9. 

Vcw j Vci j Vc ^ i jl^.iVl Aiu j^^Uill 4j.itlib 22.5.1.4 

.22.5.9 ji 22.5.8 > 1-^ 


COMMENTARY 

R22.5—One-way shear strength 
R22.5.1 General 

oUiiSI - R22.5 

R22.5.1 

R22.5.1.1 In a member without shear reinforcement, shear is 
assumed to be resisted by the concrete. In a member with shear 
reinforcement, a portion of the shear strength is assumed to be 
provided by the concrete and the remainder by the shear 
reinforcement. 

(_>aill fijLiJ b)l ‘ ^jl. in R22.5.1.1 

djB ^ ^jlajULAll Qa i^j^ill ^aLaa ^ ^ 

^LJlj ^Lujill j-4 

The shear strength provided by eoncrete, F„ is assumed to be the same for 
members with and without shear reinforce- ment and is taken as the 
shear causing inclined cracking (Joint ACI-ASCE Committee 426 
1973; MacGregor and Hanson 1969; Joint ACI-ASCE Committee 
326 1962). After cracking, is attributed to aggregate interlock, 
dowel action, and the shear transmitted across the concrete compression 
zone. The shear strength is based on an average shear stress over the 
effective cross section, b^. 

fUlacbU AjauIL ^ i Vc ‘ ^bjij^l ( 2)1 

(JjLaII j.J‘ “J pj^l lAjb^l i. (J^^l ijA (2)^^^ 

Hanson 1969 j MacGregor ) ACI-A / CE 466 1973 ^ja*aa11 4a^1) 
^J^\ Vc Axj .(ACI-ASCE Committee 326 1962 ) 

iji lAAtA .AJUaj^I laiuSa AiU \» ($411 (jdHlj i Jxill JjjJjj i 

.b„d ‘ Jhi^l (.jAd jjlII ^laiAll (jaill isAijla 

Chapter 23 allows the use of strut-and-tie models in the shear design of 
any structural concrete member, or discontinuity region in a member. 
Sectional shear design procedures are acceptable in B-regions. 

(2)a (jV JaLjlIj ^JIaj ^IA^aajL 23 

(yilaLaJI (jalb -j -'''' Cjlplj^l .jAdaJi £^Uaij| Ailala ji t^LAlVI ^Laj^I 

.B (jJal-iA AJjjSa 

R22.5.1.2 The limit on cross-sectional dimensions in 22.5.1.2 is 
intended to minimize the likelihood of diagonal compression failure 
in the concrete and limit the extent of cracking. 

JUla.1 Jitt: 22.5.1.2 ilaidl JbuSr JaJl 0- AuaL R22.5.1.2 

(jAa Qa 4^1 j AjLaj^I (^jlaib JalxAajVl JAS 
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22.5.1.5 For calculation of Vc, Vci, and Vcw, J shall be in 
accordance with 19.2.4. 


.19.2.4 -1 6' J ‘Vcw j Vci j Vc 22.5.1.5 


22.5.1.6 Vs shall be calculated in accordance with 22.5.10. 


.22.5.10 -1 iiaj Vs 22.5.1.6 


22.5.1.7 Effect of any openings in members shall be considered in 
calculating Vn. 

R22.5.1.7 Openings in the web of a member can reduce its shear 
strength. The effects of openings are discussed in section 4.7 of Joint 

.Vn ^ j.uaUfcll ^ cjUji j^b yi jlaill ^ 22.5.1.7 

ACl-ASCE Committee 426 (1973) and in Barney et al. (1977) and 
Schlaich et al. (1987). Strut-and- tie models as addressed in Chapter 23 

22.5.1.8 Effect of axial tension due to creep and shrinkage in 
restrained members shall be considered in calculating Vc. 

can be used to design members with openings. 

(jiaUjj sjS ‘tiOh i_s^ illicit',11) jijil o' 0^ R22.5.1.7 

^ ibJl jbb jklll 22.5.1.8 

,Vc j.>^Uxll 

4^L^lyuVl (j-4 7"4 jIjVI 

Barney et al. (1973) 426 (ASC) A^5U) 

Iti iajjDj Ji^jlll f>)JaOui) ijSuu .(1987) .Ojj^'j Schlaich j ((1977 

^ fLJafrVl ^ 23 jA 

22.5.1.9 Effect of inclined flexural compression in variable depth 
members shall be permitted to be considered in calculating Vc. 

R22.5.1.9 In a member of variable depth, the internal shear at any 
section is increased or decreased by the vertical component of the 

^ djJiLA jA^Uxll ^ 22.5.1.9 

.Vc jUj&VI 

inclined flexural stresses. 

‘Udlill ji ^ ,_^)j 1) (_>flSl) sJIjJ ^ ‘ (_3.axl) R22.5.1.9 

22.5.2 Geometric assumptions 

<^•ll4■yb lilLilljlikil 22.5.2 

R22.5.2 Geometric assumptions 

<ytii4iyb liiLiiljlikil R22.5.2 

22.5.2.1 Eor calculation of Vc and Vs in prestressed members, d 
shall be taken as the distance from the extreme compression fiber 
to the centroid of prestressed and any nonprestressed longitudinal 
reinforcement but need not be taken less than 0.8h. 

R22.5.2.1 Although the value of d may vary along the span of a 
prestressed beam, studies (MacGregor and Hanson 1 969) have shown that, 
for prestressed concrete members, d need not be taken less than 0.8h. The 
beams considered had some straight prestressed reinforcement or 

d ^ v$ J Vc 22.5.2.1 

^ulyuJ J^J-4 Jaxulll ciUli 4^ 

.0.8h Cy> Jsi O' O^J 

reinforcing bars atthe bottom ofthe section andhad stirrups that enclosed the 
longitudinal reinforcement. 

AA.U.I1.A a jdS a jjS jIjIaI d 'W® 0*^ ^ R22.5.2.1 

fUacSl 4Ji (Hanson 1969 j MacGregor) 'il! ‘ 

iImj aj-oill ilul£ . 0,8h. cH d ^ ^ ^^Lyu ^Lyuj^l 

^ ^ ^Ayiull ji A^AJilyuAll ^Ayiull L^JLyuljJ 

iS.y^ 
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22.5.2.2 For calculation of Vc and Vs in solid, circular sections, d 
shall be permitted to be taken as 0.8 times the diameter, and bw 
shall be permitted to be taken as the diameter. 


jIjSaj (J (2)4 ^* ^ “4 jlaLLa ^ Vs J Vc M ‘ 'j 22.5.2.2 

.jJaiS Ijyy jijj 4jlaill ijM ija 8‘0 


22.5.3 Limiting materiai strengths 

22.5.3 

22.5.3.1 The value of fc' used to calculate Vc, Vci, and Vcw 
for one-way shear shall not exceed 8.3 MPa, unless allowed in 
22.5.3.2. 

Vcw j Vci j Vc ^ A40.Vi 22.5.3.1 
.22.5.3.2 J fd U 4 8.3 MPa (^jU) 


22.5.3.2 Values of V fc' greater than 8.3 MPa shall be permitted 
in calculating Vc, Vci, and Vcw for reinforced or prestressed 
concrete beams and concrete joist construction having minimum 
web reinforcement in accordance with 9.6.3.3 or 9.6.4.2. 

j Vci j Vc -de 8.3 MPa fc' ^ 22.5.3.2 

^ i ^ *3 ‘ “ jl A^l 444 .ftll '-»tj ..<)) Vcw 

.9.6.4.2 ji 9.6.3.3 d liij 4j?nnjl) ^j'nn (j.a (_yjjSfl JaJl 


22.5.3.3 The values of fy and fyt used to calculate Vs shall not 
exceed the limits in 20.2.2.4. 

(^ JjJaJl Vs fyt j fy jWS JjLjJj Vi 22.5.3.3 

.20.2.2.4 


COMMENTARY 

R22.5.2.2 Shear tests of members with eircular seetions indieate that 
the effective area can be taken as the gross area of the section or as an 
equivalent rectangular area (Joint ACl-ASCE Committee 426 1973; 
Faradji and Diaz de Cossio 1965; Khalifa and Collins 1981). 

Although the transverse reinforcement in a circular section may not 
consist of straight legs, tests indicate that Eq. (22.5.10.5.3) is 
conservative if d is taken as defined in 22.5.2.2 OFaradJi and Diaz de 
Cossio 1965; Khalifa and Collins 19814. 

(2)i j4.dUxllj R22.5.2.2 

4) UU*). .lA 4) at.i*.4< jj 4AL444.< d l lAjbjfrt 4b]ja,^| 4t aUt^tt 

J ‘ 1973 426 ^4 4 ^ 4ijU..'i .ininV) 41 )-vUi ^jl4Lall 4i 

.(1981 jdjSj ‘ 1965 (^j jLij 

VI 44 ) 11 a ( 3 C 44 (j >4 V in\l (^jl (j-a ^(.^^ 

jA US d jki j»j iJl J^U.4 (22.5.10.5.3) .^J9«-dl (^(i ijl] (iljbjiVl (2)1 
JjdjS J ‘ Diaz de Cossio 1965 j FaradjiO 22.5.2.2 J-ia-i 

.19814 

R22.5.3 Limiting materiai strengths 

4l^l R22.5.3 

R22.5.3.1 Because of a lack of test data and practical experience 
with concretes having compressive strengths greater than 70 MPa, 
the Code imposes a maximum value of 8.3 MPa on Vfc' for use 

in the calculation of shear strength of concrete members. 

Exceptions to this limit are permitted in beams and joists if the 
transverse reinforcement satisfies the requirements in 22.5.3.2. 

(^t ^L44 jj^II 4bi4jdl jLj^VI cjULu “J R 22 . 5 . 3.1 

‘ Jl^CUUa 70 U*’ 4blalx4^l Jallj 

(J^aII SjS 4^1.444^ ^ 1^ 41 44*. iiV 'a/Pc' JLLyibU^ 8.3 

^jl44il |j| 4^1 irifrV)j (^ AaJi .-.if.l „lJ ^Uull ^ 

.22.5.3.2 (J 4bUkl4dl ^jjlII jui44ull 


R22.5.3.2 Based on the beam test results in Mphonde and Frant& 
(1984), Elzanaty et al. (1986), Roller and Russell (1990), Johnson 
and Ramirez (1989), and Oczebe et al. (1999), an increase in the 
minimum amount of transverse reinforcement is required for high- 
strength concrete. These tests indicate a reduction in reserve shear 
strength occurs as fc' increases in beams reinforced with transverse 
reinforcement providing an effective shear stress of 0.35 MPa. By 
providing minimum transverse reinforcement, which increases as 
fc' increases, the reduction in shear strength is offset. 

Frant & (1984) j Mphonde jW^I gjUj IJUI 441 I R22.5.3.2 

Johnson and ‘Roller and Russell (1990) ‘Elzanaty et al. (1986) ‘ 
■JaJl Sjbj 4Jjlla4> 4 (and Oczehe et al. (1999 ‘Ramirez (1989) 

4liljlj;i^VI iJA ^L4 jij^ jljLaJ 

tIjLall tJbJ fc' 4LiiaLu^VI (j4aAll ^ 

ija .JLLyiL 0.35 *^ 4 ^! -Aji ‘UbajaJI 

iji (jiajjaj ^ 4 fc' tJbJS .Ljj ii_fda jail g-iLjull ijA (jJjVI A^I 

.(jflill 


R22.5.3.3 The upper limit of 420 MPa on the value of fy and fyt 
used in design is intended to control diagonal crack width. 


^ j»., ikru 44 ^l fyt J fy ^ MPa 420 R22.5.3.3 

,(^jiaall (jiajfr 4, >4')ll 
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22.5.4 Composite concrete members 

jiidUaJI 22.5.4 

R22.5.4 Composite conerete members 

<yS^I jiidUall 22.5.4 

22.5.4.1 This section shall apply to members constructed in 
separate placements but connected so that all elements resist loads 
as a unit. 

R22.5.4.1 The scope of Chapter 22 includes composite concrete 
members. In some cases with cast-in-place concrete, separate 
placements of concrete may be designed to act as a unit. In these 
cases, the interface is designed for the loads that will be transferred 
across the interface. Composite structural steel-concrete beams are 

^ ^3^^^ 22.5.4.1 

JLa^VI 

not covered in this chapter. Design provisions for such composite 
members are covered in AISC 360. 

22.5.4.2 For calculation of Vn for composite members, no 
distinction shall be made between shored and unshored members. 

^ .A.^jaII AjLj jL1\ flua&j 22 R22.5.4.1 

^IAaj ^ ^Lyuj^l 

V .A^.^1^1 ■ ■■ A^.^1^1 y ^ ^ 

A^Jau ^ ^ 

V Vn 22.5.4.2 

.AISC 360 (iLicSrb 

22.5.4.3 For calculation of Vn for composite members where the 
specified concrete compressive strength, unit weight, or other 
properties of different elements vary, properties of the individual 
elements shall be used in design. Alternatively, it shall be 
permitted to use the properties of the element that results in the 
most critical value of Vn. 


JaLiall aI Vn ^ 22.5.4.3 

^ ^ Aiilukall j.^UxII 

Vn j-L^-WU 


22.5.4.4 If an entire composite member is assumed to resist 
vertical shear, it shall be permitted to calculate Vc assuming a 
monolithically cast member of the same cross- sectional shape. 


AJ J.«LS j-a iJj 22.5.4.4 

JLm (jmII ^ Vc 


22.5.4.5 If an entire composite member is assumed to resist 
vertical shear, it shall be permitted to calculate Vs assuming a 
monolithically cast member of the same cross- sectional shape if 
shear reinforcement is fully anchored into the interconnected 
elements in accordance with 25.7. 


AJ jll J.«LS j-a Ijj 22.5.4.5 

^laLail JLm (J.uAj ^ * ■“**‘^'^‘* ljjj,<^.a V$ 

,25.7 ^ AJajljlAll jA^Uxll ^ JidLillj IjI 


22.5.5 Vc for nonprestressed members without axial force 

R22.5.5 Vc for nonprestressed members without axial force 

djA AiAjM^a j.i^UxlI Vc 22.5.5 

uj^ AAfwi.4 ji«^UxU Vc 22.5.5 
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22.5.5.1 For nonprestressed members without axial force, Vc 
shall be calculated by: 


Vc ^ 4 dji UJ^ ^ ■ -■ ** 22.5.5.1 

V,=0.17ifXd (22.5.5.1) 


unless a more detailed calculation is made in accordance with 
Table 22.5.5.1. 

.22.5.5.1 ^ ^ La 


Table 22.5.5.1—Detailed method for calculating Vc 

Vc uLui^ ^ ~ 22 . 5 . 5.1 


Table 22.5.5.1—Detailed method for calculating Vc 



COMMENTARY 

R22.5.5.1 Expression (a) in Table 22.5.5.1 contains three variables, 
W// (as a measure of concrete tensile strength), p„„ and V„rf/M„, 
which are known to affect shear strength (Joint ACTASCE 
Committee 326 1962). Test results (Joint ACI-ASCE Committee 
326 1962) have indicated that shear strength decreases as the 
overall depth of the member increases. Expression (b) in Table 

22.5.5.1 limits near points of inflection. Eor most designs, it is 
convenient to assume that the second term in expressions (a) and 
(b) of Table 22.5.5.1 equals 0.01 and use V^equal to 0.17 
kVf;b„d, as permitted in Eq. (22.5.5.1). 

' x^lfc . cLljiil, ^512 ^ 22.5.5.1 Jj-todI J (i) R22.5.5.1 

iX 1 Vud / Mu J ‘ P,» ‘ ■idJI (jjLjiaS) 

lijLii .(ACI-Joint ASCE Committee 326 1962) o^' 

LijjidV ^^LulyuVl ^ '-vUi 

5jLj ^ a^\ Sjfl (ASC-32CE 1962) 

LUj ^ Vc 22.5.5.1 (*-h) (JajlIi 

^ ^ 4 j. in\lj .ciUaxjVI 

Vc ' 0.01 kVfc 22.5.5.1 (> (ij) j (i) 

.(22.5.5.1) ^jAu^a I o. 17 kVfc'bwd 


R22.5.6 Vc for nonprestressed members with axial compression 

bi A ^ j^UxU Vc 22.5.6 


22.5.6 Vc for nonprestressed members with axial 
compression 

jjjAA Jakua ^ ^ ‘" - Jjkll j^Lixll Vc 22.5.6 


22.5.6.1 Eor nonprestressed members with axial compression, Vc 
shall be calculated by: 


Vc 


^ ijjjAA jajLua ^ ^j^l j^LjxU 22.5.6.1 


V =0.17 


1 +- 


N.. 


14 A 




i / 


(22.5.6.1) 


unless a more detailed calculation is made in accordance with 
Table 22.5.6.1, where Nu is positive for compression. 


Nu Cxs4^ ‘22.5.6.1 llsj bljint* J^i uLu^ ^ ^ La 


Table 22.5.6.1—Detailed method for calculating 
Vc for nonprestressed members with axial 
compression 


»'c 


Lesser 
of(a) 
and (b): 

Et 

( > 

[1] 

bj 

-d) 

-^<0 

8 

(a) 

0.16XV/,+17p (41,-d) 

M„ — N,, - 

" “ 8 J 

(4/ 

[nation not applicable if At - At c— 


(b) 


occurs simultaneouslv with V,. at the section considered. 


R22.5.6.1 The expressions in rows (a) and (b) of Table 22.5.6.1, 
for members sub9ect to axial compression in addition to shear 
and moment, are derived in the Joint ACI- ASCE Committee 
326 (1962) report. Values of for members subject to shear and 
axial load are illustrated in Eig. R22.5.6.1. The background for 
these equations is discussed and comparisons are made with test 
data in MacGregor and Hanson (1969). 


1-6-6-22 (> (ij) j (i) SjjIjH ialsjj R22.5.6.1 

^LJaVlj JalxJajVI ‘Ulll ^ ‘ 

rLd^VLe rLuxAll nni iiVl d*-vUt d '-vUt jjj^ ^ r ^jadlj 

(rUicbU Vc ^ .(1962) 326 Cf’ (ASC) 

hdA sLuiflLln Caju .R.5.5.6.1 

MacGregor cLUbj ^ tiiUjlLa cjVdLLall 

.(1969) 


Shaded area 
shows approx, 
rartge of values 
obtained from 
Table 
expression 
22,5.6.1(a) 


1000 500 0 -500 

NJA,. psi 

Fig. R22.5.6.1-Comparison of shear strength equations for 
members subjeet to axial force. 

sjill pLiebU sjS i:jVJL«-a ^jlia R22.5.6.1 

-djjj-c A It 
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22.5.7 Vc for nonprestressed members with significant axial 
tension 

^ ^ ‘ “ j^UxU Vc 22 . 5.7 


COMMENTARY 

R22.5.7 Vc for nonprestressed members with significant axial 
tension 

Au ^ ja^UxH Vc 22 . 5.7 


22.5.7.1 For nonprestressed members with significant axial 
tension, Vc shall be calculated by; 


■aUsajjI^ Vc ^ Aaa ^ Al^Vt j^l jA^Uxil 22.5.7.1 


F =0.17 


1 .^ 

V 3.5.^^, 


''^41'^J (22.5.7.1) 


where Nu is negative for tension, and Vc shall not be less than 
zero. 


^ Vc 


22.5.8 Vc for prestressed members 

jl^yi jAAsUxU Vc 22.5.8 


22.5.8.1 This section shall apply to the calculation of Vc for post- 
tensioned and pretensioned members in regions where the effective 
force in the prestressed reinforcement is fully transferred to the 
concrete. For regions of pretensioned members where the effective 
force in the prestressed reinforcement is not fully transferred to the 
concrete, 22.5.9 shall govern the calculation of Vc. 


^ Aa^I AAaaauj Aa^I jjAdUxU Vc uIaaa^ ijlC' ^laAall 22.5.8.1 

J.al£llj Al^VI ^ ^taAll 9 ja1| Jaj ^ (jhlial) 

^ ^UaII djAll ^ V Aa^I AAaaam jA^UaJI Au in lb 

,Vc * ‘ 1 *^ aS-v'^'; 22.5.9 0^ Al^Vt 


22.5.8.2 For prestressed flexural members with Apsfse > 
0.4(Apsfpu + Asfy), Vc shall be calculated in accordance with 
Table 22.5.8.2, but need not be less than the value calculated by Eq. 
(22.5.5.1). Alternatively, it shall be permitted to calculate Vc in 
accordance with 22.5.8.3. 

Apsfse > 0.4(Apsfpu -i- ^ 4a^ f.UaJVl ja-aUxI aUajaHIj 22.5.8.2 

(> Js' O' “if O^J ‘ 22.5.8.2 Iasj Vc ‘Asfy) 

uLaaa^ ^ A AAIJ iiillA ^ VAJ .(22.5.5.1) ^AIAaoII ^ 4.4^1 

.22.5.8.3 -1 liaj Vc 


R22.5.7.1 The term "significant" is used to recognize that judgment 
is required in deciding whether axial tension needs to be considered. 
Axial tension often occurs due to volume changes, but the levels 
may not be detrimental to the performance of a structure with 
adequate expansion joints and minimum reinforcement. It may be 
desirable to design shear reinforcement to resist the total shear if 
there is uncertainty about the magnitude of axial tension. 

La jjjAj ujllxa laI jJftiU "4 JVa ^Aaaaau R22.5.7.1 

'-4 ^Lixj ^j^^XAail Aa^I '^1 

AAaj lAilA <Luj SjUas (^ x 3^ ^ tliUjOjAall O^J -^ tliljjull 

^jIAaoI UJ&J. 4 II (jA 0J% j 

Aa^I IaI 


R22.5.8 Vc for prestressed members 

aI^aVI 4AAAAA411 ^UxU Vc - R22.5.8 


R22.5.8.2 This provision offers a simple means of calcu- lating Vc 
for prestressed concrete beams (MacGregor and Hanson 1969). 
This provision may be applied to beams having prestressed 
reinforcement only, or to members rein- forced with a combination 
of prestressed and nonprestressed reinforcement. Expression (a) in 
Table 22.5.8.2 is most applicable to members subject to uniform 
loading. In applying the expression in row (a) to simply-supported 
members subject to uniform loads, Eq. (R22.5.8.2) can be used: 

AAaaaaaII A^Iaajj^I Vc ^JajAAU *S.v\t R22.5.8.2 

SjAiSll faiaJl lAA 0^ .(Hanson 1969 j MacGregor) 

Cm ^4^1 flAAa&^U jl AAaaau ^jLju 

JjA^I ^ (i) jjjxill aI^.^V1 ^^aaamjAj ^Aaa^' 

^ flA^&Sh (JrulxUl 22.5.8.2 

JLa^V ^ 'I ^Lau (jrUjCAAll ^L.ra&Sft (i) LAa^I ^ 

iI^IaaJIaaI oS-j (R22.5.8.2) 

Kd/M^ =d^[€-2x)/x(€-x) (R22.5.8.2) 

where € is the span length, and X is the distance from the 
section being investigated to the support. For concrete with fc 
equal to 35 MPa, Vc from 22.5.8.2 varies, as shown in Fig. 
R22.5.8.2. Design aids based on this equation are given in ASCE 
Joint Committee (1940). 

.^aII ^ jJjAxllI Cy* ^LaaaaII X J iJlJlaVI Jjk jA ( 

'-»s i 22.5.8.2 ex’ Vc cillaj i 35 MPa fc' 4jLuija41 4jAAAilb 

dAA ^jaaLaajI ^jlC' iblA&lAAM ^ .R.5.5.8.2 ^ 

.( ASCE Joint Committee (1940^J'*-4l 
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22.5.8.2—Approximate method for calculating Vc 


Vc - 22.5.8.2 Jj'i?' 


Table 22.5.8.2—Approximate method for 
calculating Vc 



COMMENTARY 



Fig. R22.5.8.2—Application of Table 22.5.8.2 to imifoiTnly 
loadedprestnessedmembers with = iJ \fPa. 

Fig. R22.5.8.2-Applieation of Table 22.5.8.2 to uniformly 
loaded prestressed members with fc' = 35 MPa. 


22.5.8.3 For prestressed members, Vc shall be permitted to be the 
lesser of Vci calculated in accordance with 22.5.8.3.1 and 
Vcw calculated in accordance with 22.5.8.3.2 or 22.5.8.3.3. 

Vci Vc d A-ujuIL 22.5.8.3 

ji 22.5.8.3.2 sjiiU liij Vcw j 22.5.8.3.1 

.22.5.8.3.3 


(Jii. 22.5.8.2 <y> R22.5.8.2- 

f(; '= 35 ^ >^.>4 

R22.5.8.3 Two types of inclined cracking occur in concrete beams: 
web-shear cracking and flexure-shear cracking. These two types of 
inclined cracking are illustrated in Fig. R22.5.8.3. Web-shear 
cracking begins from an interior point in a member when the 
principal tensile stresses exceed the tensile strength of the concrete. 
Flexure-shear cracking is initiated by flexural cracking. When 
flexural cracking occurs, the shear stresses in the concrete above the 
crack are increased. The flexure-shear crack develops when the 
combined shear and flexural-tensile stress exceeds the tensile 
strength of the concrete. The nominal shear strength provided by 
the concrete, Vc, is assumed equal to the lesser of Vci and Vcw. 
The derivations of Eq. (22.5.8.3.1a) and Eq. (22.5.8.3.2) are 
summarized in ACI 318-65. 

Ijic. (jAuu ;^Lji i j.4^1 ^ JJLall jja R22.5.8.3 

JjLaJu La.ljc jJaft ^ 4jaij Qa .R.5.5.8.3 

^ Sjbj ^ (jliIn') 1.9jjc (jiL^l) 

Auj (iljlJ tft J) J-J^^ .^Inn'l (JjS 

(a22.5.8.3.1) .JJl*-*!' (jliui) .Vcw j Vci 'bu^ . Vc ‘ 

.ACI 318-65 J (22.5.8.3.2) .Eq j 


Applied load 


_frrrTTirhnil_ 


VV,'5^. 



A. 

Continuous 

support 


Flexural and flexure-shear 

A 

Simple s 

jpport 


Flexural and Web- Web-shear 

flexure-shear shear 


Fig. R22.5.8.3-Types of cracking in concrete beams. 

ijAill J jiid) £^)jj) -R22.5.8.3 .JSAl) 
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22.5.8.3.1 The flexure-shear strength Vci shall be the greater of 
(a) and (b): 

:(b) j (a) Vci 22.5.8.3.1 


(a) r = 0.05X^\J^ + V, +4^ (22.5.8.3.1a) 

^ max 

(b) V^.=0.l4Xyff;hJ (22.5.8.3.1b) 


where dp need not be taken less than 0.80h, the values of Mmax 
and Vi shall be calculated from the load combinations causing 
maximum factored moment to occur at section considered, and 
Mere shall be calculated by: 


1^1 jj (> Vi j Mmax ^ uL-iai jWJ ‘0.80h Cy> dp 'if 

^ ^.tin u^\ iS^ji 


M 


ere 


'r 

.y,. 


(().5\7X^ + 4,-/,) (22.5.8.3.1c) 


COMMENTARY 

R22.5.8.3.1 In deriving Eq. (22.5.8.3.1a), it was assumed that Vci is 
the sum of the shear required to cause a flexural crack at the section 
in question given by: 

jA Vci O' I (a22.5.8.3.1) (jUlOl ^ R22.5.8.3.1 

; ijn )_yjjLAl) ^la^l jji jjluj ujilaall 

v= (ViM„e)/M^ax (R22.5.8.3.1a) 

plus an additional increment of shear required to change the 
flexural crack to a flexure-shear crack. The externally applied 
factored loads, from which Vi and Mmax are determined, include 
superimposed dead load and live load. In calculating Mere for 
substitution into Eq. (22.5.8.3.1a), 1 and yt are the properties of the 
section resisting the externally applied loads. 

^lOayb 

‘ Mmax J Vi O^ lAJjJaJi ^ o«»n" 

Rq, ^ ^ 'I \y . i.y Mere ubji^ ^ .cr^' 

.UajIa 4ijlaAll JUa.Sll (_yajL.ak yt j I ‘(22.5.8.3.1a) 


Eor a composite member, where part of the dead load is resisted by 
only a part of the section, appropriate sectionproperties should be 
used to calculate fd. The shear due to dead loads, Vd, and that due 
to other loads, Vi, are separated in this case. Vd is then the total 
shear force due to unfactored dead load acting on that part of the 
section resisting the dead loads acting prior to composite action 
plus the unfactored superimposed dead load acting on the 
composite member. The terms Vi and Mmax may be taken as 


^ JaA3 AJsajjIjj ^ 4j>in\lj 

ujadU ^ .fd uLui^ ‘UuLloh <4*. Ill i^laAafl 

^ Vd ^ ‘ Vi ‘ Jba^Vl t VD JLa^VI 

^ IAA (3.adu ^ 

^baaVta i.^j.ah J.a*j JLa^Sfl ^jIA 4 ^kLall 

j Vi ^ ,i.^j.ah Jj.aaa3l ,.^1 4icLiaa.all 

-S Mmax 

Vi=Vu-Va (R22.5.8.3.1b) 

= (R22.5.8.3.1C) 


where Vu and Mu are the factored shear and moment due to the 
total factored loads, and Md is the moment due to unfactored dead 
load (the moment corresponding to fd). Eor noncomposite, 
uniformly loaded beams, the total cross section resists all the shear, 
and the hve and dead load shear force diagrams are similar. In this 
case, Eq. (22.5.8.3.1a) and Eq. (22.5.8.3.1c) reduce to 
j JL4^VI Mu J Vu 

A-ujuIL .(fd d ‘Ll&LJaAll Md 

^IsLaII ^ 

JiO: (Eq. (22.5.8.3.1c j (a22.5.8.3.1). 


I— V M 

V^,=0.05X^\.d+^^ (R22.5.8.3.1d) 

where 


={I/y,){0.^^4l' + fp.) (R22.5.8.3.1e) 
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COMMENTARY 

The cracking moment Met in the two preceding equations 
represents the total moment, including dead load, required to cause 
cracking at the extreme fiber in tension. This is not the same as 
Mere in Eq. 066.5.8.3.Ia4 where the cracking moment is that due 
to all loads except the dead load. In Eq. (22.5.8.3.1a), the dead load 
shear is added as a separate term. Mu is the factored moment on the 
beam at the section under consideration, and Vu is the factored 
shear force occurring simultaneously with Mu. Because the same 
section proper- ties apply to both dead and live load stresses, there 
is no need to calculate dead load stresses and shears separately. Met 
reflects the total stress change from effective prestress to a tension 
of 6k fc2, assumed to cause flexural eraeking. 

iillj ^ L4J Jldj ^ Met 

^ Alajkoll ‘ ^ ft .inti ^ ‘ 

ijftU JUa.Sll Js jLilll j»jft Eq. 066.5.8.3.1a4 Mere 

AaSUll i 'j/.-v U ^laLa ‘ i (a22.5.8.3.1) .AljljLah ^ 

jlb Vuj ^lakoll ^ ^1x4^ jX Mu 

^liftn't (_ya.iLia,k ijjiij Q'i .Mu Axlj thXj ^ SjS 

uLuix AxLx Jxjj (3.0x11 ijj> (JS (Jolalj 

(jo (jKlI Met (joS*j ,(3oxftlo (j^o^ (joxll 

^UxljU (jftiin') Allx (jlajjij 6k/i2, (jo Allxill ^jj^yioll 


22.5.8.3.2 The web-shear strength Vcw shall be calculated by; 

ijilx (jo Vcw AjIxji^) Afttjll (_>ail) Aojlio I j. ii^'i 22.5.8.3.2 

=(0-29XVZ'' + 0-3/^)M, + F (22.5.8.3.2) 

where dp need not be taken less than 0.80h, and Vp is the 
vertical component of the effective prestress. 

jl^V) Allxl (^ijl) (jjiol) jx Vp j ‘0.80h (> (J^i dp Ax' (»J'o Ajx 

,(Jlxftl) It o') 


R22.5.8.3.2 Equation . (22.5.8.3.2) is based on the assumption that 
web-shear cracking occurs at a shear level causing a principal 
tensile stress of approximately 0.33kVfc' at the centroidal axis of 
the cross section. Vp is calculated from the effective prestress force 
without load factors. 

^ 0^1 (ji o^ljla) ^) (22.5.8.3.2) .^J^loI) R22.5.8.3.2 

(jo 1 .. 0 J ^ * in l»ao (j^lll ^jlujo Alfr AIa^) 

(jo VP ,AjAlajftl) .-.IfclbaU ^j£jxl) jjxol) .ftlfr 0.33kVfC^ 

,Al^j.axll ( 3 oljC (jjJ Allxftl) Aftfuioll 


22.5.8.3.3 As an alternative to 22.5.8.3.2, it shall be permitted to 
calculate Vcw as the shear force corresponding to dead load plus 
live load that results in a principal tensile stress of 0.33kVfc' at 
location (a) or (b): 

ALlioll (jaail) SjaS Vcw ‘j'ooxj ^ojju i 22.5.8.3.2 SjiiU (JjJjS 22.5.8.3.3 

djAA Au Al^xl AJ& (^aII (jxi) ( 3 . 0 x 1 ) )Aj)j AH^) AI^^axAI 

ji ( a) j^jol) (^0.33kVfc' 

(a) Where the centroidal axis of the prestressed cross section is in 
the web, the principal tensile stress shall be calculated at the 
centroidal axis. 

(b) Where the centroidal axis of the prestressed cross section is in 
the flange, the principal tensile stress shall be calculated at the 
intersection of the flange and the web. 

AAa^) ^ Al^xV) (3^0410 ^^.^lajxl) ^laioU ^jS^)ol) j^^xol) (j,5% I.0AI& (i) 
j£^)ol) jjx»al) a 1& ^ * in i'^) Aa^) AI^x) u1.wX ^ .0 jU, ,.j1t 
iUlxl) AAa^) ^ aI^xV) (3f^oo ^^.^lajxl) ^laLoU ^j£jxl) j^^xol) (jj% l^aAlfr (u) 
_A jb, ..^\l A ftni')^ blftl) AAmiI) o'* ^. ..y<jU Awil) aI^x) (xwxj 
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22.5.8.3.4 In composite members, the principal tensile stress in 

22.5.8.3.3 shall be calculated using the cross section that resists 
live load. 

22.5.8.3.3 J J 22.5.8.3.4 

J.a^l jail ^iaLdl ^iJidujib 

22.5.9 Vc for pretensioned members in regions of reduced 
prestress force 

A .>ia-v aII ^^jiaLla Ja^I j.*^Liall 22.5.9 

22.5.9.1 When calculating Vc, the transfer length of prestressed 
reinforcement, Etr, shall be assumed to be 50db for strand and 
lOOdb for wire. 

in'I Jlj Jjia CiJ^ oi ‘ Vc .dc 22.5.9.1 

lOOdb j 50db ‘ftr 

22.5.9.2 If bonding of strands extends to the end of the member, 
the effective prestress force shall be assumed to vary hnearly from 
zero at the end of the prestressed reinforcement to a maximum at 
a distance Etr from the end of the prestressed reinforcement. 

Oi ‘ , j.^UU ^1 Jliu ej5bl£il Jajj j)l£ IJI 22.5.9.2 

^1 ji^l (y> bia& jbLu ^Ixlil j3^^di.dl 

^jluiiii (y> (tr ^bju ^ 

22.5.9.3 At locations corresponding to a reduced effective 
prestress force in 22.5.9.2, Vc shall be calculated in accordance 
with (a) through (c): 

22.5.9.2 (J 5-^aia-dl Jjlxill j^l jL^VI 5js Silidl ^1 >dl ^ 22.5.9.3 

■(S) Lf'! (') 5r“ Vc 4 

(a) The reduced effective prestress force shall be used to 
determine the applicability of 22.5.8.2. 

(b) The reduced effective prestress force shall be used to calculate 
Vcw in 22.5.8.3. 

(c) The value of Vc calculated using 22.5.8.2 shall not exceed the 
value of Vcw calculated using the reduced effective prestress 
force. 

.22.5.8.2 ^ ^Ua^l <1 ■t.ia-C ..'I ^Ixlll JL^VI .1* 

.22.5.8.3 Vcw '.** ‘ .>.a-v ..u ^ixill 

\CW ^bo^ 22.5.8.2 ^iJ^^b 'Yq jjl^^ Vi 

3 -'I ^Ixill ( 3 ^uLall Jl^VI .1 '4*. 1,1 j ..■v .'ll 


COMMENTARY 


R22.5.9 Vc for pretensioned members in regions of reduced 
prestress force—The effect of the reduced prestress near the ends of 
pretensioned beams on the shear strength should be taken into 
account. Provisions 22.5.9.2 and 22.5.9.3 relate to the reduced 
shear strength at sections within the transfer length of prestressed 
reinforcement when bonding of prestressing reinforcement extends 
to the end of the member. Provisions 22.5.9.4 and 22.5.9.5 relate to 
the reduced shear strength at sections within the length over which 
some of the prestressed reinforcement is not bonded to the concrete, 
or within the transfer length of the prestressed reinforcement for 
which bonding does not extend to the end of the beam. 

- U nil itflil ^ j).4 3 ^' * ^ ^ .4It pLba&bU \q. - R22.5.9 

3j.>£ll bib^J 3*9 .'ll ^jVI .^1 J^b jbjcVI 0l 

(j^ill 5 jSj 22.5.9.3 j 22.5.9.2 Qj'i'l'^'l (3 ^*jj .(jaill uiC’ ^bll 

JsjIjj Juju ba.ljc Jl^.^VI ^3'- "-'ll Jjla (yuja ^ILdl ^ ■>ia-C "ll 

22.5.9.5 j 22.5.9.4 <3^*^ .yiaxll ^1 (3fuu d l jl^VI nl 

Juj.! -^'1 3^4ji.dl "111 (jiaxu Jajj ^ V ^^1 ^ILdl ^ 4.uai^Aall 
lajlj^l Juju V ^^1 ^3'-"-'ll ^jl 'Cyuja ji i^bjij^b 

,9 j.a^l ^1 
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COMMENTARY 


22.5.9.4 If bonding of strands does not extend to the end of the 
member, the effective prestress force shall be assumed to vary 
linearly from zero at the point where bonding commences to a 
maximum at a distance ftr from that point. 

SjS Cu^ c)) ‘ (j^\ jj jliU ^ |j| 22.5.9.4 

lie ijA Ula^ 


,4jaHll iillj (jA (tr 


22.5.9.5 At locations corresponding to a reduced effective 
prestress force according to 22.5.9.4, Vc shall be calculated in 
accordance with (a) through (c); 

j tlsj 1 ,^ai aU ^ 22.5.9.5 


:(c) (a) -1 liaj Vc 4*'-^ ‘22.5.9.4 


(a) The reduced effective prestress force shall be used to 
determine the applicability of 22.5.8.2. 

(b) The reduced effective prestress force shall be used to calculate 
Vc in accordance with 22.5.8.3. 

(c) The value of Vc calculated using 22.5.8.2 shall not exceed 
the value of Vcw calculated using the reduced effective 
prestress force. 

.22.5.8.2 ^ (JjUaiiil JjliJii 1 ,>iaC 

.22.5.8.3 4 liij Vc ‘i.>iac »'t 

Vcw 22.5.8.2 Ah lib Vc Vi (2) 
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22.5.10 One-way shear reinforcement 

oUil 22 . 5.10 

22.5.10.1 At each section where Vu > (pVc, transverse 
reinforcement shall be provided such that Eq. (22.5.10.1) is 
satisfied. 

jjSjj 1 Vu> (pVc tS^ 22.5.10.1 

^(22.5.10.1) 

(22.5.10.1) 

<t> 

22.5.10.2 For one-way members reinforced with transverse 
reinforcement. Vs shall be calculated in accordance with 

22.5.10.5. 

^ ^ ^ A.uj.i.'b 22.5.10.2 

.22.5.10.5 -1 Vs 

22.5.10.3 For one-way members reinforced with bent-up 
longitudinal bars. Vs shall be calculated in accordance with 

66.5.17.6. 

^ ^ j^UxU <Uuijlb 22.5.10.3 

.66.5.17.6 -1 iiaj Vs 

22.5.10.4 If more than one type of shear reinforcement is 
provided to reinforce the same portion of a member. Vs shall be 
the sum of the Vs values for the various types of shear 
reinforcement. 

4 .^^ in ^ 22.5.10.4 

in ^ <ilriA.a Vs ^ Vs CiS^ ‘^ 

22.5.10.5 One-way shear strength provided by transverse 
reinforcement 

jxll UjSjJ bilj 4..ajli.a 22.5.10.5 

22.5.10.5.1 In nonprestressed and prestressed members, shear 
reinforcement satisfying (a), (b), or (c) shall be permitted; 

^ ■"'•j Alfuu Jrjidl jj.dUxh ^ 22 . 5 . 10 . 5.1 

:(j) ji (ui) ji (i) ill t>aAl' 

(a) Stirrups, ties, or hoops perpendicular to longitudinal axis of 
member 

(b) Welded wire reinforcement with wires located perpendicular 
to longitudinal axis of member 

(c ) Spiral reinforcement 

jjAiilU ^ tXaUlall ^IjlaSh ji Jajljjll ji (i) 

jj&.alb bJj. 4 C ii! 5 Ljib lil^bjiVI "* (u) 

(j) 


COMMENTARY 

R22.5.10 One-way shear reinforeement 

oUil j Ci 4 ^ R 22 . 5.10 


R22.5.10.2 Provisions of 22.5.10.5 apply to aU types of transverse 
reinforcement, including stirrups, ties, hoops, crossties, and spirals. 

^ t^22.5.10.5 J SJjljh jJaU R22.5.10.2 

I i ^IjlaShj i Jajljjllj i biULSlI lillj ^ Lu i 


R22.5.10.5 One-way shear strength provided by trans- verse 
reinforeement—Design of shear reinforcement is based on a 
modified truss analogy. In the truss analogy, the force in vertical 
ties is resisted by shear reinforcement. However, considerable 
research on both nonprestressed and prestressed members has 
indicated that shear reinforce- ment needs to be designed to resist 
only the shear exceeding that which causes inclined cracking, 
provided the diagonal members in the truss are assumed to be 
inclined at 45 degrees. The concrete is assumed to contribute to the 
shear capacity through resistance across the concrete compressive 
zone, aggregate interlock, and dowel action in an amount equivalent 
to that which caused incline cracking. 

.Ltrujjj - dl^l \* in R22.5.10.5 

^jlLa (jjibi ^ ,j4a.all 

Ji ijc- bijb^l jik iiiUj .,* 

lillj ^jlC’ JjJj ^AAtAA ( 2)1 if^\ < 11.9 

45 o.^k9^l ^ fblafri <Uajj.4^ 

jA ^jIa.911 iy> 4bbjij^l jiALuu (jlajliall iJa 

filij JjIju i5jl Mn\lj JaULbalVl <t^lal9 

,JjL9ll “j 
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22.5.10.5.2 Inclined stirrups making an angle of at least 45 
degrees with the longitudinal axis of the member and crossing the 
plane of the potential shear crack shall be permitted to be used as 
shear reinforcement in nonprestressed members. 

45 cjUl£il (2)1 22.5.10.5.2 

jAdA-oil j.3 ^J ^ 

jjkll j^Uall <1 ..1 <4*. ..y 

22.5.10.5.3 Vs for shear reinforcement in 22.5.10.5.1 shall be 
calculated by; 

;4iauiljj 22.5.10.5.1 C^alaJl Vs t-. u ^ a -' i 22.5.10.5.3 

AfJ 

(22.5.10.5.3) 

s 

where s is the spiral pitch or the longitudinal spacing of the shear 
reinforcement, and Av is given in 22.5.10.5.5 or 22.5.10.5.6. 

Av fOafrI ji s 

.22.5.10.5.6 ji 22.5.10.5.5 


COMMENTARY 

Equations (22.5.10.5.3), (22.5.10.5.4), and (22.5.10.6.2a) are 
presented in terms of nominal shear strength provided by shear 
reinforcement Vs. Where shear reinforcement perpen- dicular to the 
axis of the member is used, the required area of shear 
reinforcement, Av, and its spacing, s, are calculated by Research 
(Anderson and Ramirez 1989; Leonhardt and Walther 1964) has 
shown that shear behavior of wide beams with substantial flexural 
reinforcement is improved if the transverse spacing of stirrup legs across 
the section is reduced. 

0- (a22.5.10.6.2) j ‘ (22.5.10.5.4) ‘(22.5.10.5.3) 

. ..t Qji ^ A 

‘ Av 

i Ay iliUlLlI ^Lyu (j-4 ^ tjj ^ 

.(1989 1964 


-^= ^ ^ (R22.5.10.5) 

•V 


22.5.10.5.4 Vs for shear reinforcement in 22.5.10.5.2 shall be 
calculated by: 

22.5.10.5.2 J u^l Vs 22.5.10.5.4 


R22.5.10.5.4 To be effective, it is critical that inclined stirrups cross 
potential shear cracks. If the inclined stirrups are generally oriented 
parallel to the potential shear cracks, the stirrups provide no shear 
strength. 


V = 

s 


A^f^(sina + cosa)J 
.1 


(22.5.10.5.4) 


where u is the angle between the inclined stirrups and the 
longitudinal axis of the member, s is measured parallel to the 
longitudinal reinforcement, and Av is given in 22.5.10.5.5. 


^^jbULdi diULSh (2)1 ‘UaiSfl 0^*4 ‘ 5dbii i^jS^ R22.5.10.5.4 

V CjUl£ll 


^jljdlL $ ^Lall U 

.22.5.10.5.5 Av ‘ Jjlah ^ 


22.5.10.5.5 For each rectangular tie, stirrup, hoop, or crosstie, Av 
shall be the effective area of all bar legs or wires within spacing s. 

ji ji (CjUl£ ji lajlj ‘Lujj.tlL 22.5.10.5.5 

ji ^LujjVI ^ Av 


22.5.10.5.6 For each circular tie or spiral, Av shall be two times 
the area of the bar or wire within spacing s. 

Av 6 j% o' j' 22.5.10.5.6 

iilLydl ii\l 


R22.5.10.5.6 Although the transverse reinforcement in a circular 
section may not consist of straight legs, tests indicate that Eq. 
(22.5.10.5.3) is conservative if d is taken as defined in 22.5.2.2 
(Faradji and Diaz de Cossio 1965; Khalifa and Collins 1981). 

0« Oi^ “if (A O' 0« R22.5.10.5.6 

)j) AJaslaj (22.5.10.5.3) (2)1 cjI jUdiVI (2)1 *^1! ‘ (jl-^ 

Faradji and Diaz de Cossio ) 22.5.2.2 jadll Ja d jii j»j 

.(Khalifa and Collins 1981 ^1965 
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22.5.10.6 One-way shear strength provided by bent-up 
longitudinal bars 

Ujijj .1^1 jll slajVl lilj 5-ajli.a 22.5.10.6 

22.5.10.6.1 The center three-fourths of the inclined portion of 
bent-up longitudinal bars shall be permitted to be used as shear 
reinforcement in nonprestressed members if the angle a between 
the bent-up bars and the longitudinal axis of the member is at least 
30 degrees. 

Cyi JjLdl 22.5.10.6.1 

30 Cfi 4.^Li£.all a tlul£ 

22.5.10.6.2 If shear reinforcement consists of a single bar or a 
single group of parallel bars having an area Av, all bent the same 
distance from the support, Vs shall be the lesser of (a) and (b): 

^ j) (^jS^ in (2)1^ 1^! 22.5.10.6.2 

( (ya fjlC' ^ A 4 CjIJ ^LujjVI 

:(‘t' j ') Vs uJ^ 6' 

(a) F, = /l,A.sina (22.5.10.6.2a) 

(b) V^=Q.25y[TXd (22.5.10.6.2b) 

where u is the angle between bent-up reinforcement and 
longitudinal axis of the member. 

,jA^jxU ^2):U u 

22.5.10.6.3 If shear reinforcement consists of a series of parallel 
bent-up bars or groups of parallel bent-up bars at different 
distances from the support, Vs shall be calculated by Eq. 
(22.5.10.5.4). 

yA 4 \> ii\mi yA yyStjj ys |j! 22.5.10.6.3 

CjISiIa^ ji 4.^A.uL4ll 

.(22.5.10.5.4) AJaujl^ Vs 


COMMENTARY 


R22.5.10.6 One-way shear strength provided by bent-up 
longitudinal bars—To be effective, it is critical that the inclined 
portion of the bent-up longitudinal bar cross poten- tial shear 
cracks. If the inclined bars are generally oriented parallel to the 
potential shear cracks, the bars provide no shear strength. 

^jJall UjSjj lilj O'aSll R22.5.10.6 

^ JjLall 0^ Cy’ ‘ ys^ ~ 

Clul£ yjA 

V iALuA.All jIjjIIj 
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22.6 Two-way shear strength 

22.6.1 General 

tlilj (_>iaAll 4..ajlA.a - 22.6 
22.6.1 

22.6.1.1 Provisions 22.6.1 through 22.6.8 apply to the nominal 
shear strength of two-way members with and without shear 
reinforcement. Where structural steel I- or channel shaped 
sections are used as shearheads, two-way members shall be 
designed for shear in accordance with 22.6.9. 

ij^\ Cijlia ijk- 22.6.8 22.6.1 22.6.1.1 

.1 <4*.Ill ^ ^ 

■*‘^ „ aU jl I JjJaJi 

.22.6.9 ^ ^Uj j^Uxll 

22.6.1.2 Nominal shear strength for two-way members without 
shear reinforcement shall be calculated by 

jj.dUiLU AjauVI ^ 22.6.1.2 

Aiauljj 

Vn — Vc (22.6.1.2) 


22.6.1.3 Nominal shear strength for two-way members with shear 
reinforcement other than shearheads shall be calculated by 

"* ^ ^jlLa uLui^ ^ 22.6.1.3 

0“3jj 

Vn-Vc + Vs (22.6.1.3) 


22.6.1.4 Two-way shear shall be resisted by a section with a depth 
d and an assumed critical perimeter bo as defined in 22.6.4. 

bo d jj 22.6.1.4 

.22.6.4 jA '-«S 

22.6.1.5 VC for two-way shear shall be calculated in accordance 
with 66.6.5. For two-way members with shear reinforcement, vc 
shall not exceed the hmits in 22.6.6.1. 

.66.6.5 VC - 22.6.1.5 

.22.6.6.1 

22.6.1.6 For calculation of vc, J shall be in accordance with 
19.6.4. 

.19.6.4 -lliij cji J ‘VC 22.6.1.6 


COMMENTARY 

R22.6—^Two-way shear strength 
R22.6.1 General 

Factored shear stress in two-way members due to shear and 
moment transfer is calculated in accordance with the requirements 
of 8.4.4. Section 22.6 provides requirements for determining 
nominal shear strength, either without shear reinforcement or with 
shear reinforcement in the form of stirrups, headed shear studs, or 
shearheads. Factored shear demand and strength are calculated in 
terms of stress, permitting superposition of effects Ifom direct 
shear and moment transfer. 

lill^ JdAil - R22.6 

R22.6.1 

,-,l a' j ^1 .b&V) ^ tliU ‘LajU.a ^ 

^ LjI 1 jUauVI ■■'ll 22.6 .8.4.4 

^ Lu U’’ LigUraAil) uUa 


R22.6.1.4 The critical section perimeter bo is defined in 22.6.4. 

.22.6.4 bo jlaLdl Lij*j R22.6.1.4 
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22.6.1.7 For two-way members reinforced with single- or 
multiple-leg stirrups, vs shall be calculated in accordance with 
22.6.7. 


ji iliUlS ^ ^ A-u^llL 22.6.1.7 

.22.6.7 ^ * ,1* ‘1^1 


22.6.1.8 For two-way members reinforced with headed shear stud 
reinforcement, vs shall be calculated in accordance with 22.6.8. 


cIiIJ ^ulyuj ^ y 22.6.1.S 

.22.6.8 uiwAj vs ‘ c>“ij 


22.6.2 Effective depth 

JU^I 22.6.2 


22.6.2.1 For calculation of vc and vs for two-way shear, d shall 
be the average of the effective depths in the two orthogonal 
directions. 


JdAAjla (} ^ VS J VC 22.6.2.1 

.aXaUld ^ fjLoC'Sri 


22.6.2.2 For prestressed, two-way members, d need not be taken 
less than 0.8h. 


(j.4 Jii d V tiilj j^UjlU 4-uj.i.lb 22.6.2.2 

.0.8h 


22.6.3 Limiting materiai strengths 

22.6.3 

R22.6.3 Limiting materiai strengths 

R22.6.3 

22.6.3.1 The value of fc' used to calculate vc for two-way shear 
shall not exceed 8.3 MPa. 

R22.6.3.1 There are limited test data on the two-way shear 
strength of high-strength concrete slabs. Until more experience is 
obtained for two-way slabs constructed with concretes that have 

8.3 vc fc Vi 22.6.3.1 

.MPa 

compressive strengths greater than 70 MPa, it is prudent to limit 
Vfc' to 8.3 MPa for the calculation of shear strength. 

CiUa!:Lll R22.6.3.1 

70 iaxiia djfi 

JlLyuLl^i^ ^,3 fj^ Vfc' 

22.6.3.2 The value of fy, used to calculate vs shall not exceed the 
limits in 20.2.2.4. 

R22.6.3.2 The upper limit of 420 MPa on the value of fyt used in 
design is intended to control cracking. 

JjJaJl vs ‘r'kjia. ^ Vi 22.6.3.2 

.20.2.2.4 

fyt 4-4^ JLL-ub 420 (y^Vl R22.6.3.2 

n*i\l ^ Jit ^ 
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22.6.4 Critical sections for two-way members 

^22.6.4 

22.6.4.1 For two-way shear, critical sections shall be located so 
that the perimeter bo is a minimum but need not be closer than d/2 
to (a) and (b); 

jj Ajjjulb 22.6.4.1 

:(b) j (a) (^! d / 2 (> ‘jj^' ai% ci' u^J -J* bo 

(a) Edges or corners of columns, concentrated loads, or reaction 
areas 

(b) Changes in slab or footing thickness, such as edges of capitals, 
drop panels, or shear caps 

JUiVI JjJj iIiLaiLji.4 ji 5jSj.»ll JL»aSI 1 ji »A4 cSI 1 bljJ ji (i) 

CjUa!)lj ji itXocVI Jla ji ^ 

ji ba. ....'l 

22.6.4.1.1 For square or rectangular columns, concentrated loads, 
or reaction areas, critical sections for two-way shear in 
accordance with 22.6.4.1(a) and (b) shall be permitted to be 
defined assuming straight sides. 

ji JL4^VI ji Ub*..jj 4 jujaII dAd&bU 4J.in\b 22.6.4.1.1 

J USj tic*' bi|j ‘ JUiVI 

.A.AA'i*ji.a uulj^ jM (i) 22.6.4.1 

22.6.4.1.2 For a circular or regular polygon-shaped column, 
critical sections for two-way shear in accordance with (a) and (b) 
shall be permitted to be defined assuming a square column of 
equivalent area. 

i jj •ij-aC' A J. in\b 22.6.4.1.2 

Jj.aC (u) J (i) USj bilj 


COMMENTARY 

R22.6.4 Critical sections for two-way members —The critical section 
defined in 22.6.4. l(a)_for shear in slabs and footings subjected to 
bending in two directions follows the perimeter at the edge of the 
loaded area (Joint ACI-ASCE Committee 326 1962). Loaded area for 
shear in two-way slabs and footings includes columns, concentrated loads, 
and reaction areas. An idealized critical section located a distance dll from 
the periphery of the loaded area is considered. 

^ Lijxoll ^ ^>>^bjLU R22.6.4 

^ ^b^^ jhj tliUa!44l ^ <1 (22.6.4.1 

nil ^jl nni iiV) A A a ..'1 

tiilj 4Ja!4j ^ A.thial) Jamj (ASCE 326 1962 bib^>L»lb 

4 J&lij * AJ 4 Ajj£j. 4 jLo^l 4 dAA&l 4 lllLlllLlJlIj 

_A b^v it .. ^ d / 2 ^ 

For members of uniform thickness without shear reinforcement, it 
is sufficient to check shear using one section. For slabs with 
changes in thickness or with shear reinforcement, it is necessary to 
check shear at multiple sections as defined in 22.6.4. l(a)_ and (b) 
and 22.6.4.2. 

lyi iLalkilall iLuiulb 

4 „* jj ^Laiydl CjIjjuII bilj biUa^Lll <Ui.iulb ^bai .1 <4*. .il^i 

_a (22.6.4.1 jabll jJalia sJftJ U-> Jiabll 

.22.6.4.2 J (b (j) 

For columns near an edge or corner, the critical perimeter may 
extend to the edge of the slab. 

ji dalAC-bU 
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22.6.4.2 For two-way members reinforced with headed shear 
reinforcement or single- or multi-leg stirrups, a critical section 
with perimeter bo located d/2 beyond the outermost peripheral 
line of shear reinforcement shall also be considered. The shape of 
this critical section shall be a polygon selected to minimize bo. 

^-vt.*%u A *,,.mj 22.6.4.2 
1)0 ^ dJJdLLa ji 

IJA Jlu (jjStJ (2)1 4'^ .0^1 Ja^l d / 2 

,1)0 ^laLall 


COMMENTARY 

R22.6.4.2 For two-way members with stirrup or headed stud shear 
reinforcement, it is required to check shear stress in concrete at a 
critical section located a distance d/2 beyond the point where shear 
reinforcement is discontinued. Calculated shear stress at this section 
must not exceed the limits given in expressions (b) and (d) in Table 
22.6.6.1. The shape of this outermost critical section should 
correspond to the minimum value of bo, as depicted in Fig. 
R22.6.4.2a, b, and c. Note that these figures depict slabs reinforced 
with stirrups. The shape of the outermost critical section is similar 
for slabs with headed shear reinforcement. The square or 
rectangular critical sections described in 22.6.4.1.1 will not result in 
the minimum value of bo for the cases depicted in these figures. 
Additional critical section checks are required at a distance d/2 
beyond any point where variations in shear reinforcement occur, 
such as changes in size, spacing, or configuration. 

jI A-ujulb R22.6.4.2 

„* ciijlu ,,^1 jju (1/2 ijlCr 

^ j (111J^ua^l ^ >jjSlall JjJ^I ^LLdl IJA ^ Aj ^jauiaII (J^I 

^jVI AaJI ^ JJuVI ^J^l ^^aII IJA (Jlu (JjUali (2)1 .22.6.6.1 

jjAflj j»lijSll »j* (2)1 laa.V .1 b ‘R22.6.4.2a (js^Jl ^ ja l4£ ( bo '^41 

^ Aja2:Lll (2)C JjuVI ^J^l ^la^All (j£^ 'l-fA) Aja^LlI 

^ ^j.(.djAll aIJoIuiaII ji AajjaII iLtAiL^I ^liAll (2)C V .(J^ijlW (J^^l 
(AjUaA JiS iitA (^ i jjSlall diVI^I (^ LuAII Aa^I 22.6.4.1.1 

(Iiljj^ (^Jaj (^1^ Ajaij j\ d / 2 A2 Iaa« ijiC’ AiSLiial ^IsIa diUdja^ 

,(2jjjS^I jl (ACljlillj ' ^ (liljAX^I (JLa ((jia^l ^ 



Fig. R22.6.4.2a —Critical sections for two-way shear in slab with 
shear reinforcement at interior column. 

^ AJa^ ( 2 i^l^l ^jaII ^IaaII. R22.6.4.2a - J^^l 

.(^^IaII jjAxll ^ (j^l 
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Fig. R22.6.4 .2b —Critical sections for two-way shear in slab with 
shear reinforcement at edge column. 

^ 4ja^l ^ jj - R22.6.4.2b 



Fig. R22.6.4 .2c —Critical sections for two-way shear in slab with 
shear reinforeement at eorner eolumn. 

^j'nn ^ ^ jj R22.6.4.2c - 

jll JjAft ^ 
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22.6.4.3 If an opening is located within a column strip or closer 
than lOh from a concentrated load or reaction area, a portion of bo 
enclosed by straight lines projecting from the centroid of the 
column, concentrated load or reaction area and tangent to the 
boundaries of the opening shall be considered ineffective. 

Ajiala lOh u-> j' ^ AaJia ^ 22.6.4.3 

‘ lat^ |)0 ^ jt j^jj 

^La.4j dj£j.ail ji & Qa 

,^Ui 1^1 <1 -v't'l ^ 


22.6.5 Two-way shear strength provided by concrete 

22.6.5 

22.6.5.1 For nonprestressed two-way members, vc shall be 
calculated in accordance with 22.6.5.2. For prestressed two-way 
members, vc shall be calculated in accordance with (a) or (b): 

(a) 22.6.5.2 

(b) 22.6.5.5, if the conditions of 22.6.5.4 are satisfied 

yC uUji^ ^ ijk f\.uecH\ i_^\ ^Jini'b 22.6.5.1 

^ ^ .22.6.5.2 ^ 

ji J llsj y(; A..a^l 

2-5-6-22 (i) 

22.6.5.4 j»2 Ijj 4 22.6.5.5 (‘r') 


COMMENTARY 

R22.6.4.3 Provisions for design of openings in slabs (and footings) 
were developed in Joint ACI-ASCE Committee 326 (1962). The 
locations of the effective portions of the critical section near 
typical openings and free edges are shown by the dashed lines in 
Fig. R22.6.4.3. Research (Joint ACI-ASCE Committee 426 1974) 
has confirmed that these provisions are conservative. 

^ ^ CauSsj R22.6.4.3 

(jia jc ^ .(1962) 326 ASC ^jl ■ ini nV) ^jiiAaii 

1-J-v'a'l ^yt ya 

Aj^l) Cjj£i J2j .R.2.6.4.3.Axlaildl 

tJA (2)1 (1974 ‘ 426 ^ ya 


Ineffective Opening 



section 

(a) (b) 




+-Regard 
! as free 
1 edge 

I 

I 


Free corner 


7 



(C) (d) 

Fig. R22. 6.4.3-Effect of openings and free edges (effective 
perimeter shown with dashed lines). 


Jajla^ Jlxlh SjaJI tliLaJiih - R22.6.4.3 

.(Axlaila 


R22.6.5 Two-way shear strength provided by concrete 

AjUjjR22.6.5 
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22.6.5.2 vc shall be calculated in accordance with Table 22.6.5.2. 

.22.6.5.2 JjJail laaj vc ^ 22.6.5.2 

Table 22.6.5.2—Calculation of Vc for two-way shear 

VC - 22.6.5.2 


Table 22.6.5.2—Calculation of Vc for two-way shear 


'V 


Least of (a), (b), and (c): 


(a) 

0.17 


(b) 

0.08.t| 


(c) 


Note: p is the ratio of long side to short side of the column, concentrated 
load, or reaction area and as is given in 22.6.5.3. 

.22.6.5.3 j* '-»Sj JcUlll ji I JSjaII 


COMMENTARY 

R22.6.5.2 For square columns, the stress corresponding to the no 
minal two-way shear strength provided by concrete in slabs 
subjected to bending in two directions is limited to O.SSJtA/fc'. 

However, tests (Joint ACI-ASCE Committee 426 1974) have 
indicated that the value of 0.33A.Vf(;' is unconservative when the 
ratio p of the lengths of the long and short sides of a rectangular 
column or loaded area is larger than 2.0. In such cases, the actual 
shear stress on the critical section at punching shear failure varies 
from a maximum of approximately 0.337.VfQ' around the comers of 
the column or loaded area, down to O.lT^tVfQ' or less along the long 
sides between the two end sections. Other tests (Vanderbilt 1972) 
indicate that Vc decreases as the ratio bo/d increases. Expressions 
(b) and (c) in Table 22.6.5.2 were developed to account for these two 
effects. 

^ JjlLdl Ja&iuah i Aj^^tjR22.6.5.2 

ijk ^ 

i iillj 0.33J.Vfc' 

jie0.33XVfc' ^ O' (1974 426 ‘ASC JOjdh 

jl ^ p 

^ *■ Jla ^ .2.0 (JdAAd 

lii^xVfc ' 0.33 ^ jW^! 

Jjia ^ Jai ji 0.17>.Vfc' Vj-aj I JjAaill ji JjAfcll bljj 
vc o' (1972 tSJ^' .jlaLdl On Slijlill 

22.6.5.2 Jj'iad' {z) J (“) bo / d. 

.OrJj^Ul' OrJJA 31^1 j.d 

Eor shapes other than rectangular, p is taken to be the ratio of the 
longest overall dimension of the effective loaded area to the largest 
overall perpendicular dimension of the effective loaded area, as 
illustrated for an L-shaped reaction area in Eig. R22.6.5.2. The 
effective loaded area is that area totally enclosing the actual loaded 
area, for which the perimeter is a minimum. 

A^lalol JjlaVl .1 x01 AaaO p ,A nU-, ,.^11 JlLObU AjaaOL 

jA LaS r ...y a'I AaIaIaU JxOl JxAxJlh 

^ AOxih JjA~>'i'l Ailala .R.66.5. 0.2 ^ L ^JcUli AilalO 

^JVI .1^1 0J% (^Oa^aaII AOxXII AilalAllj J.aI£ A aIaIaU Old 

.1^ 



Fig. R22.6.5.2 -Value of P for a nonrectangular loaded area. 

_Anty-...A Ja-a^ a aUIaI p 4..a^-]^22.6.5.2 .JIa^I 
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22.6.5.3 The value of as is 40 for interior columns, 30 for edge 
columns, and 20 for corner columns. 

j i d.lA&bU J 30 d.lA&bU 4j>in\lj 40 "US 22.6.5.3 

5i«c.bu 20 


22.6.5.4 For prestressed, two-way members, it shall be permitted to 
calculate vc using 22.6.5.5, provided that (a) through (c) are 
satisfied; 

^ (3^^^ j^Uxl 22.6..5.4 

■te) Ls^"' (') d)' ‘ 22.6.5.5 VC 


(a) Bonded reinforcement is provided in accordance with 8.6.2.3 
and 8.7.5.3 

(b) No portion of the column cross section is closer to a 
discontinuous edge than four times the slab thickness h 

(c) Effective prestress fpc in each direction is not less than 0.9 MPa 

8.7.5.3 j 8.6.2.3 fu (i) 

ijA AjjI 1 in a Jj.Mil ^laiAll f j\ J^ji V 

|l 4.SL&U cibLuai 4jtjji 

0.9 Cf" >^41 4ibi&ll jL^VI fpc 4.il£j V 

3 ^ * iitj 

22.6.5.5 For prestressed, two-way members conforming to 
22.6.5.4, Vc shall be permitted to be the lesser of (a) and (b): 

‘ 22.6.5.4 -1 <>lu Jbfa.'ill Aij-llj-aU»il 22.6.5.5 

j (') i> 6 j% o' vc 4 jtiuu 

(a) = 0.29X^' + 03 (22.6.5.5a) 


COMMENTARY 

R22.6.5.3 The terms “interior columns,” “edge columns,”and 
“corner columns” in this provision refer to critical sections with a 
continuous slab on four, three, and two sides, respectively. 

"OSjll 5j.tf.i" j 5j.tf.i" J "^b 5j.tf.i" R22.6.5.3 

4j5ijj 4*Jji 5 AjsUXj ijiC’ 4a jail (jll JjSlI iJA 

R22.6.5.4 For prestressed two-way members, modified forms of 
expressions (b) and (c) in Table 22.6.5.2 are specified. Research 
(ACI 423.3R) indicates that the shear strength of two-way 
prestressed slabs around interior columns is conservatively 
calculated by the expressions in 22.6.5.5, where Vc corresponds to 
a diagonal tension failure of the concrete initiating at the critical 
section defined in 22.6.4.1. 

(A J (c) J (b) 9JJ*.«1I abjiVI JI^VI j-aU*i SajuILj 22.6.5.4 

cjlLlUl 0 ^ 1 5ja o' J\ (ACI 423.3R) .22.6.5.2 

^ j^Uilb 4jaaaia ^jlaj I ^ 4 ■ ^ 4^ia|jll tJacSlI Jja JI^aVI 

^ JJa.all ^jail ^laLdl ^ 4iLuj^l ^J^ ^ Vc ‘22.6.5.5 

.4.1. .22.6 

The mode of failure differs from a punching shear failure around the 
perimeter of the loaded area of a nonprestressed slab calculated using 
expression (b) in Table 22.6.5.2. Consequently, the expressions 
in 22.6.5.5 differ Ifom those for nonprestressed slabs. Values for 
Vfc' and Ipc are restricted in design due to limited test data available 
beyond the specified limits. When calculating fpc, loss of prestress 
due to restraint of the slab by shear walls and other structural 
elements should be taken into account. 

.22.6.5.2 (b) 

AlfuM iillj ‘ 22.6.5.5 ^O..^****^* 

4.^UaI1 ^tjLu ^ J VfC^ ^ 

. 1 ^ J; ^ ^ fpc 

jA^UxlIj AJowjIjj 


(b) V, =0.0831 1.5-h^'^ 




bj 


(22.6.5.5b) 


where as is given in 22.6.5.3; the value of fpc is the average of fpc 
in the two directions and shall not exceed 3.5 MPa; Vp is the 
vertical component of all effective prestress forces crossing the 
critical section; and the value of Vfc' shall not exceed 5.8 MPa. 

jjL^ Vi fpc Fpc ^22.6.5.3 

iS-^ Vp ■ JtLyuLljUA 3.5 

.JlLyubljUA 5.80^ '^fc' 
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22.6.6 Maximum shear for two-way members with shear 
reinforcement 

^ ^ 22 . 6.6 

22.6.6.1 For two-way members with shear reinforcement, the value 
of VC calculated at critical sections shall not exceed the limits in 
Table 22.6.6.1. 

Vi ^ j.t.dUail ^ 22.6.6.1 

.22.6.6.1 SJjIjII Jj.laJl jJaliall yi VC 

Table 22.6.6.1—Maximum Vc for two-way members with shear 
reinforcement 

^j'lin J.4 j*aUxU VC - 22.6.6.1 


Table 22.6.6.1—Maximum for two-way members 
with shear reinforcement 


T} pi‘ of shear 
reinforcement 

Maximum v,. at 
critical sections 

defined in 22.6.4.1 


Maximum iv at 
critical section 

(leiined in 22.6.4.2 


Stirrups 

0.1 7l//; 

(a) 

0.1 7l//; 

(b) 

Headed 

shear stud 
reinforcement 

O.lSXyp^' 

(c) 

o.m^' 

(d) 


22.6.6.2 For two-way members with shear reinforcement, effective 
depth shall be selected such that vu calculated at critical sections 
does not exceed the values in Table 22.6.6.2. 

JUi (_}.•& ^ 22.6.6.2 

^ SJjIjII ^ 111 nil JjIaJu y 

.22.6.6.2 

Table 22.6.6.2—Maximum Vu for two-way members with shear 
reinforcement 

in ^ ^ j^Uxli vu .^1 - 2-6-6-22 


Table 22.6.6.2—Maximum for two-way members 
with shear reinforcement 


Tjpe of shear reinforcement 

Maximum r, at eritiral sections 
defined in 22.6.4.1 


Stirrups 

4 . 0 . 5 ^' 

(a) 

Headed shear stud 
reinforcement 

4)0.66 VX' 

(b) 


COMMENTARY 

R22.6.6 Maximum shear for two-way members with shear 
reinforcement—Critical sections for two-way members with shear 
reinforcement are defined in 66.6.4.1 for the sections adjacent to the 
column, concentrated load, or reaction area, and 66.6.4.6 for the 
section located just beyond the outermost peripheral line of stirrup 
or headed shear stud reinforcement. Values of maximum vc for these 
critical sections are given in Table 22.6.6.1. Limiting values of vu 
for the critical sections defined in 66.6.4.1 are given in Table 
22 . 6 . 6 . 2 . 

CjLjaj ^ ^jfin ^ j^UxU ^ /J^ R22.6.6 

66.6.4.1 ^ tlilj j^UxU 

J 66.6.4.6 J ^ ji i ji i 

^ ^ ji CjUL^I ijA JxjVI Ja^l 

2-6-6-22 .22.6.6.1 ^ CiL^l jlalLdl vc 

.66.6.4.1 ^vu 4 

The maximum vc and limiting value of vu at the innermost critical 
section (defined in 22.6.4.1) are higher where headed shear stud 
reinforcement is provided than the case where stirrups are provided 
(refer to R12.7.7). Maximum vc values at the critical sections 
defined in 22.6.4.2 beyond the outer- most peripheral line of shear 
reinforcement are independent of the type of shear reinforcement 
provided. 

^ ^^>^1 ^laLoll ^ vu 4 vC ^ .^} 

^ ^ ^ (22.6.4.1 

^IaaII ^ VC 41 (^jj.aAll (2)! .(R12.7.7 u^] ‘^415 

tjft Sjiluw tjjSj (_yaAll ^jiuu 54 laaJl jjU 22.6.4.2 

,4_ajiAll 
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COMMENTARY 

22.6.7 Two-way shear strength provided by single- or multiple-leg 
stirrups 

R22.6.7 Two-way shear strength provided by single- or multiple- 
leg stirrups 

ji ^ djfi 22.6.7 

jAtl. j\ tiiUl£ ^ j R22.6.7 

22.6.7.1 Single- or multiple-leg stirrups fabricated from bars or 
wires shall be permitted to be used as shear reinforce- ment in slabs 
and footings satisfying (a) and (b): 

(a) d is at least 150 mm 

(b) d is at least 16db, where db is the diameter of the stirrups 


^ jj 22.6.7.1 

j ^ iil^lyui ji 

150 (A V (i) 

CiULili jJas jA db i JaSfl dbl6 d (“) 


22.6.7.2 For two-way members with stirrups, vs shall be calculated 
by: 

R22.6.7.2 Because shear stresses are used for two-way shear in 
this chapter, shear strength provided by transverse reinforcement is 
averaged over the cross-sectional area of the critical section. 

i CiUl£ * pLJa&Sfl AjmuIL 22.6.7.2 

Iaa i ^\u nj R22.6.7.2 

A f 

= '" (22.6.7.2) 

^_^.uajadl ^kiAll AJ&uuIjj djfi i&uujla laLm^ ^ t 

where Ay is the sum of the area of all legs of reinforcement on one 
peripheral line that is geometrically similar to the perimeter of the 
column section, and s is the spacing of the peripheral lines of 
shear reinforcement in the direction perpendicular to the column 
face. 


(JjLaIa ^j.a^ Ay jLu 

jA $ j ^kLa 

dl^Vl 

R22.6.8 Two-way shear strength provided by headed shear stud 

22.6.8 Two-way shear strength provided by headed shear stud 
reinforcement 

reinforcement—Tests (ACI 461. IR) show that headed shear stud 
reinforcement mechanically anchored as close as practicable to the 
top and bottom of slabs is effective in resisting punching shear. 

in lA22.6.8 

The critical section beyond the shear reinforcement is generally 
assumed to have a polygonal shape (refer to Fig. R22.6.4.2c). 
Equations for calculating shear stresses on such sections are given 

22.6.8.1 Headed shear stud reinforcement shall be permitted to be 
used as shear reinforcement in slabs and footings if the placement 
and geometry of the headed shear stud reinforcement satisfies 
8.7.7. 

in ACI 421. IR. 

ACI) j^Jsu - (_yaAll UjSjj o^' “i® R22.6.8 

Aaloxll A^Ull ^ ^Ayuj ^461.IR. 

^ UJ% CiUa^Uil 

22.6.8.1 

j^LmA ^ulyuJ 4^AIAj Cul£ IjI CjLyuLyuVIj ^ 

.8.7.7 

^ j ^5l.uaSll JAtla Jlu <U ^jlin jj La ^kLall 

^ ijj'ilJU.a ACI 421.IR biVJtxadl Jjjj .(R22.6.4.2C 
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22.6.8.2 For two-way members with headed shear stud 
reinforcement, vs shall be calculated by: 

COMMENTARY 

R22.6.8.2 Because shear stresses are used for two-way shear in 
this chapter, shear strength provided by transverse reinforcement is 
averaged over the cross-sectional area of the critical section. 

4 22.6.8.2 

4.4^1 

i 1 ^.tkrujij bul£ Lalj R22.6.8.2 

Af., 

V=^-^ (22.6.8.2) 

K'< 

^laLail ^ 0.9% ixyujla 

where Av is the sum of the area of all shear studs on one peripheral 
line that is geometrically similar to the perimeter of the column 
section, and s is the spacing of the periph- eral lines of headed 
shear stud reinforcement in the direction perpendicular to the 
column face. 


->0.17^4'-^ (22.6.8.3) 

' fy, 


(^Lald 4.^Lyii,a ^ Av 0 . 9 % 

jLomm ^ S J ^ Ua^uAIA 

4.&J IjJjaC' dl^Vl 


22.6.8.3 If headed shear stud reinforcement is provided, Av/s 
shall satisfy: 

^>2JC-^ (22.6.8.3) 


[ in jfijla IjI 22.6.8.3 

R22.6.9 Design provisions for two-way members with 

22.6.9 Design provisions for two-way members with 
shearheads 

shearheads—Design provisions for nonprestressed two-way 
members reinforced with shearheads were originally developed in 
terms of shear forces (Corley and Hawkins 1968). That approach 

^ f.UlaftVl ('jn.n'i 22.6.9 

has been maintained in this section. 

^ ^ ^ j^Uxlb R22.6.9 

JJ& jA^UxIb 4^l^| 

Ij* JaliaJl jsj .(Corley and Hawkins 1968) u^' JJfi 

Iaa ^ 

22.6.9.1 Each shearhead shall consist of steel shapes fabricated 
with a full penetration weld into identical arms at right angles. 
Shearhead arms shall not be interrupted within the column 
section. 

R22.6.9.1 Based on reported test data (Corley and Hawkins 1968), 
design procedures are presented for shearhead rein- forcement 
consisting of structural steel shapes. For a column connection 
transferring moment, the design of shearheads is given in 22.6.9.11 
and 22.6.9.12. 

^ 4ijiLa JLlO! ^ ^ t>“'0 Cxs^ 22.6.9.1 

,^^^.0x11 ^ ^LaIa 

Corley and Hawkins ) jblkVl cjUU bUluil R22.6.9.1 

JLlul ijA ‘ jbjiiih '■'jn.rl'i') tllbl J&l ^ ‘ (1968 

^ ^UaCl ^ JUdliV 4-uju11j uLall 

.22.6.9.12 j 22.6.9.11 

22.6.9.2 A shearhead shall not be deeper than 70 times the web 
thickness of the steel shape. 


(3^0 liLftm uAbLuai 70 cH 0.9% 0*^ j n V 22.6.9.2 
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22.6.9.3 The ends of each shearhead arm shall be permitted to be 
cut at angles of at least 30 degrees with the horizontal if the 
plastic flexural strength Mp of the remaining tapered section is 
adequate to resist the shear force attributed to that arm of the 
shearhead. 

30 0^ V bljJ oaS Liljlai cjl 22.6.9.3 

ijfi -'I «■"»" Mp ^ 

22.6.9.4 Compression flanges of steel shapes shall be within 0.3d 
of the compression surface of the slab. 

clH 0.3d <y^ JliiibU JaUibiVi o' 4*^ 22.6.9.4 

LlxJajVI 


22.6.9.5 The ratio ay between the flexural stiffness of each 
shearhead arm and that of the surrounding composite cracked 
slab section of width (c2 + d) shall be at least 0.15. 


ijoi (jjiij jj (Jsl (XV Aijull ijjij O' 22.6.9.5 

JiVI + d) O® (jjAuiid) lilUj 

.0.15 


22.6.9.6 For each arm of the shearhead, Mp shall satisfy: 


:Mp O' lo^' o^'j O® £,'jj tS^ 22.6.9.6 


V 

2(j)/7 


k. + a. 


^ c ^ 

t 

2y 


(22.6.9.6) 


where cp corresponds to tension-controlled members, n is the 
number of shearhead arms, and fv is the minimum length of each 
shearhead arm required to satisfy 22.6.9.8 and 22.6.9.10. 

(v J £.J^' n Jjtli (p Qua 

.22.6.9.10 J 22.6.9.8 ^ Mj e'jj JjLl 


COMMENTARY 

The design of shearhead reinforcement for connections transferring 
shear due to gravity load should consider the following. First, a 
minimum flexural strength should be provided to ensure that the 
required shear strength of the slab is reached before the flexural 
strength of the shearhead is exceeded. Second, the shear stress in the 
slab at the end of the shearhead reinforcement should be limited. 
Third, after these two requirements are satisfied, the negative 
moment slab reinforcement can be reduced in proportion to the 
moment contribution of the shearhead at the design section. 


SjS (jl JaJl J^JJ (.jifii ‘Vji . 

^ iLulj 

f-l “J* - "I .laj jAall "''I CijS^ O' Aia^Ull 

(jdiij A-oALum ^ Loj ,.':U 0^*^ ^Ort^J^' 

.pairin') ^kkal) ^ (jraill 


R22.6.9.6 The assumed idealized shear distribution along an arm 
of a shearhead at an interior column is shown in Fig. R22.6.9.6. 
The shear along each of the arms is taken as aytpVc/n, where Vc 
equals Vcbod and Vc is defined in 22.6.5.2. The peak shear at the 
face of the column is taken as the total shear considered per arm 
Vu/n minus the shear considered transferred to the column by the 
concrete compression zone of the slab (p(Vc/n)(l - ay). The shear 
considered transferred to the column by the concrete compression 
zone approaches zero for a heavy shearhead and approaches 
(p(Vc/n) when a light shearhead is used. Equation (22.6.9.6) then 
follows from the assumption that (pVc is approximately one-half the 
factored shear force Vu. In this equation, Mp is the required 
plastic flexural strength of each shearhead arm necessary to 
ensure that Vu is attained as the flexural strength of the 
shearhead is reached. The quantity €v is the length from the center 
of the column to the point at which the shearhead is no longer 
required, and the distance cl/2 is one-half the dimension of the 
column in the direction considered. 

ijc- (jijjLd) Jli4l) (_yflSl) jjjjj R21.6.9.6 J^' Jjij R22.6.9.6 
‘ av(pVc / n -S £^ljj Jjia (»% o^'j £.'jj 

(4! .22.6.5.2 \c J vcbod Vc pi 

^ Vu / n 

.(p(Vc/n)(l - Uv) djt.Ajjj^) bi AdlaLa AIsajjIjj 

(jdjjj Qa bi Adiala Alij pj 

u®> (22.6.9.6) ^Jt*®d) pj .(_vflil) (_>;<)j pliilj) jjc (p(Vc/n) 

Mp ‘^Jla-d) ^ .Vu lIaOj iy> 'r'ji I-® (pVc O' U®®'J^' 

(jl mb' djjjjOa 5(jji)j £^) jj JSl 4.jji!a.»l) 0>*i' cf®^' 

JS jA (j® Jjb" (y ®ta®illj pjj (..aAlC Vu (j^\ 

‘ cl / 2 ^'®®®l)j ‘ U®'j ^ ^ u®!' 
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22.6.9.7Nominal flexural strength contributed to each slab 
column strip by a shearhead. My, shall satisfy; 

^ij AjauVI 22.6.9.7 

Ijiaj ij I Mv 


M< 


4)a/„ 


2ii 


£_L 

V ^ y 


(22.6.9.7) 


where (p corresponds to tension-controlled members. 
However, My shall not exceed the least of (a) through (c): 

(a) 30 percent of Mu in each slab column strip. 

(b) Change in Mu in column strip over the length fy. 

(c) Mp as given in 22.6.9.6. 


(JA Mv ^ (p 

3Ja5lj 4jlS (JS ^ Mu (>« ''-“11 ^ 30 (') 
€v Jjla Mu (‘t') 

22.6.9.6 J Jjljil Mp (j) 


COMMENTARY 


Column face 


Mo 








ty-C^I2 




gy^Viy 




n n 


(1 - a,) 


Fig. R22.6.9.6 —Idealized shear acting on shearhead. 

,^jaa 11 j ^_^1& (J-aau Aij Uj aII ^j^^l - R22.6.9.6 .J ^ ‘ til l 


R22.6.9.7 The flexural strength contribution of the shear-head. My, 
is conservatively calculated from Eq. (22.6.9.7). This expression 
is based on the assumption that the peak shear at the face of the 
column is neglected, and (pVc is approximately one-half the 
factored shear force Vu, which is consistent with the assumption 
used in the development of Eq. (22.6.9.6). 


^ ^-v A ^Mv ' pU^Vl d^^l ‘ R22.6.9.7 

j,_jAxll Aaj ^ Sjjjll (jas (2)1 0^1 jl*®' (^! 'j* iUjuj .(22.6.9.7) .Jjl*-»ll 

^ (Jt im (^Ij i Vu ' A..-* Qji La jib (pVc J ' 

(22.6.9.6) .^Jl*-»ll Jiilaj III all (jiljjaVI 
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22.6.9.8 The critical section for shear shall be perpendicular to 
the plane of the slab and shall cross each shearhead arm at a 
distance (3/4) [ty - (ci/2)] from the column face. This critical 
section shall be located so that bo is a minimum, but need not be 
closer than d/2 to the edges of the supporting column. 

^ 22.6.9.8 

(>(3/4) [tv - (cl/2)] (> £.'jj JJ#* 

( 2 )i U^J ‘ bo ^I 

.j»e jll LiljA d / 2 c> Oi% 


22.6.9.9 If an opening is located within a column strip or closer 
than lOh from a column in slabs with shearheads, the ineffective 
portion of bo shall be one-half of that given in 22.6.4.3. 

^ jj.4ft t^lOh (iH ‘rijii ji (Jib (iitil&li (^is lj!22.6.9.9 

lillj I iini (2)^ bo Cy' ^6)^ ‘ o^jjj tIiUa!)L 

22.6.4.3 (J 


COMMENTARY 

R22.6.9.8 Test results (Corley and Hawkins 1968) indi- cated that 
slabs containing shearheads for which the flexural strength of the 
shear arms was reached prior to slab shear failure, failed at a shear 
stress less than 0.33A/f(.' on a critical section at the end of the 
shearhead reinforcement. For shear- heads where the flexural 
strength of the shear arms was not reached prior to slab shear 
failure, the shear strength was brought back to approximately the 
equivalent of 0.33Vfj.'.The limited test data suggest that a 
conservative design is desirable. Therefore, the shear strength is 
calculated as 0.33Vf(.' on an assumed critical section located inside 
the end of the shearhead reinforcement. 


6' (^! (Corley and Hawkins 1968) gjlli R22.6.9.8 

(j^l ^ jJV (Jili ija ^ (_)<aa tjJtjjj biUaiUll 

0.33Vfc' Cy* I ^ (j^^l (J^ (J^ 

9j£ (Jj^^I ^ ^ ,*'1 ^ 

JjUj La (jaa^l ^ (j^L^I (Jt^ (J^ (j^l 

^LjLu 0.33^10^ 

(J^b (j^jjLa ^kLa ijiC’ 0.33Vfc' -i 0^1 ^ iiiUJl ,<U 2 


The critical section is taken through the shearhead arms three-fourths 
of the distance [fv - (cl/2)] from the face of the column to the end of 
the shearhead. However, this assumed critical section need not be 
taken closer than d/2 to the column. Refer to Fig. R22.6.9.8. 

^Ljaall £^bji (J^^ LS'J(j>a ^ ^ 

IJa i_a^ V tiiUj .(j^ill (jjiij ^149 ija [{y — (cl/ 2 )] 

.R.22.6.8 u^\ 54J' u^\ d/ 2 Cy (j^jlLdl jkiah 


c, + d 


a 


d/2 


I Cj, j 

(a) No shearhead 


dl 

a 

2 - 

g‘\ 



Jy 

] 

12 


3/4(/^-c,/2) 


(b) Small interior 
shearhead 
(0 = 4) 


(y - C^/2 

rge inh 
earheai 
in = 4) 


(c) Large interior 
shearhead 



(n = 3) 

Fig. R22.6.9.8 -Location of critical section defined in 
22.6.9.8. 
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22.6.9.10 Factored shear stress due to vertical loads shall not be 
greater than tp 0.33Vfc' on the critical section given in 22.6.9.8 
and shall not be greater than (pO.VSVfj.' on the critical section 
closest to the column given in 22.6.4.1(a). 

(p ^ JL4^S!I c-luju 22.6.9.10 

jS\ Vi . 22.6.9.8 J Jjljh t#^0.33Vfc ' 

.1 (a).22.6.4 J .ylaLAll ujaSlI jiaA-ll ^(pO.VSVfc ' 


22.6.9.11 Where transfer of moment is considered, the 
shearhead shall have adequate anchorage to transmit Mp to the 
column. 

ia^ LV'iJ Cli ‘ jl^l -^22.6.9.11 

Mp 


22.6.9.12 Where transfer of moment is considered, the sum of 
factored shear stresses due to vertical load acting on the critical 
section given in 22.6.9.8 and the shear stresses resulting from 
factored moment transferred by eccentricity of shear about the 
centroid of the critical section closest to the column given in 
22.6.4.1(a) shall not exceed (p0.33XVfc'. 

jAjj 0)^ I Jij jialll Jjft 22.6.9.12 

iy> ^Ull 22.6.9.8 Jj'jh jJaiall ^jlc- jxilill <^ijll 

. (p0.33>.Vfc'Jj44! “ifi (i) 22.6.4.1 J J>«dl ^^\ 


22.7 —^Torsional strength 


iUjiM - R22.7 


COMMENTARY 

R22.6.9.10 If one or both of the shear stress limits of this provision 
is exceeded, the slab section is inadequate for the factored shear. If 
the factored shear stress on the critical section defined in 
22.6.4.1(a) exceeds (p0.58Vfc', the slab effective depth or fc' is 
required to be increased. If factored shear stress on the critical 
section defined in 22.6.9.8 exceeds (p0.33A/f(.', effective depth, 
fc', or shearhead length is required to be increased. 

i jL^! ji ^ iJl R22.6.9.10 

ijlC’ .A^ 

sJbj I (p0.58Vfc' Cfi -^J:!) a (22.6.4.1 ^ 

-'I ijlC’ iaauja |j| fc '. ji Jlxill 

o^'j j' fc ji Jjlall ji (p0.33Vfc' Cfi 40d 22.6.9.8 

.sJbjil 


R22.6.9.11 Tests (Hawkins and Corley 1974) indicate that the 
critical sections complying with 22.6.4.1(a) and 22.6.4.4 are 
appropriate for calculations of shear stresses caused by transfer of 
moments when shearheads are used. Even though the critical 
sections for direct shear and shear due to moment transfer differ, 
they coincide or are in close proximity at the column corners where 
the failures initiate. Because a shear- head attracts most of the 
shear, it is conservative to take the maximum shear stress as the 
sum of the two components (that is, direct shear and shear due to 
moment transfer). This provision requires the moment Mp to be 
transferred to the column in shearhead connections transferring 
moments. This may be accomplished by bearing within the column 
or by mechanical anchorage. 

jJaliall ul\ (Hawkins and Corley 1974) biljUjiVl R22.6.9.11 
iiibl nit' 22.6.4.4 j) a (22.6.4.1 ^ 

pLjiSi ‘ lie Cfi' 

bijj ^ j,^b.all 

J^b -'I fy> <bli LS'O kdj 

^bil ( ^1) (jrU^^Loll boS 

AjcIxu bi!!L.dj ^ u1\ Mp ^ 

dbjjj.All ji J^b J.4^ Cfi .ibUa^l 


R22.7—Torsional strength 


- R22.7 

The design for torsion in this section is based on a thin- walled tube 
space truss analogy. A beam subjected to torsion is idealized as a 
thin-walled tube with the core concrete cross section in a solid beam 
neglected as shown in Fig. R22.7(a). Once a reinforced concrete 
beam has cracked in torsion, its torsional strength is provided 
primarily by closed stirrups and longitudinal bars located near the 
surface of the member. In the thin-walled tube analogy, the strength 
is assumed to be provided by the outer skin of the cross section 
roughly centered on the closed stirrups. Both hollow and solid 
sections are idealized as thin-walled tubes both before and after 
cracking. 


^ fIjl&U JIujuj 

^kkah ^ is'^ ^ 

R22.7 ‘ baS AXa^»a ^ ^^ayjbjjVt ^^.bajxll 

f IjalVI ajS ^ A.A.bjiAl) ^bji ijai J.((a 
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In a closed thin-walled tube, the product of the shear stress T and the 
wall thickness t at any point in the perimeter is known as the shear 
flow, q = it. The shear flow q due to torsion acts as shown in Fig. 
R22.7(a) and is constant at all points around the perimeter of the 
tube. The path along which it acts extends around the tube at 
midthickness of the walls of the tube. At any point along the 
perimeter of the tube, the shear stress due to torsion is x = T/(2Aot), 
where Ao is the gross area enclosed by the shear flow path, shown 
shaded in Fig. R22.7(b), and t is the thickness of the wall at the point 
where T is being calculated. For a hollow member with continuous 
walls, Ao includes the area of the hole. 

4jalj jjC' t X is'^ (3^ 

jA L 4 S Jlx3l q .q = Tt ^ 

jLuuh Jlu Jaimi ^ (R22.7 (a ^ 

Jjla ijc- ALaj ^ O'j-^ i. ujjjSh J.4aj ^111 

Ao ‘ T = T/(2Aot), J* o* gjUll JI4AI (jjSj nJjjjSh Ja^ 
‘ (R22.7 (b I JuMj ^Uji.4h ^ 

The concrete contribution to torsional strength is ignored, and in 
cases of combined shear and torsion, the concrete contribution to 
shear strength does not need to be reduced. The design procedure 
is derived and compared with test results in MacGregor and 
Ghoneim (1995) and Hsu (1997). 


^JL V ‘ hu 4,.4AUji.ah ^ 

.(Hsu (1997 j (Ghoneim (1995 j MacGregor jW^Vl 




(b) Area enclosed by shear flow path 

Fig. R22.7-(a) Thin-walled tube; and (b) area enelosed by shear flow 
path. 
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22.7.1 General 

22.7.1 

COMMENTARY 

R22.7.1 General 

R22.7.1 

This section shall apply to members if Tu > (pTth, where cp is given 
in Chapter 21 and threshold torsion Tth is given in 22.7.4. If Tu < 
cpTth, it shall be permitted to neglect torsional effects. 

R22.7.1.1 Torsional moments that do not exceed the threshold 
torsion Tth will not cause a structurally signifi- cant reduction 
in either flexural or shear strength and can be ignored. 

Jj:! (p ‘ Tu > (pTth 0^ tjt 22.7.1.1 

Tu < (pTth lj! .22.7.4 J Tth 21 

JLaAL AJ 

(Tth) V Ip R22.7.1.1 

.1^ 'tiK' pMj j' Cy' P P 

Nominal torsional strength shall be calculated in accordance with 
22.7.6. 

.22.7.6 4 Uaj (itjilVI 5js 22.7.1.2 


For calculation of Tth and Ter, ~k shall be in accordance with 
19.6.4. 


19.6.4 4 lisj X OPi O' ‘ Ter j Tth 22.7.1.3 


22.7.2 Limiting material strengths 

jIjaII 2/2/.! 

R22.7.2 Limiting material strengths 

JIjaII Cijlia R22.7.2 

22.7.2.1 The value of Vfj.' used to calculate Tth and Ter shall 
not exceed 8.3 MPa. 

R22.7.2.1 Because of a lack of test data and practical experience 
with concretes having compressive strengths greater than 70 MPa, 
the Code imposes a maximum value of 8.3 MPa on Vf(.' for use in 

8.3 O^Tcr J Tth ip Vfe' ^ “if' 22.7.2.1 

the calculation of torsional strength. 

CjIj ^ULyuj^ AoIaxII jUilsVI R22.7.2.1 

S,3 ^ 70 A^ULJajI 

22.7.2.2 The values of fy and fyt for longitudinal and transverse 
torsional reinforcement shall not exceed the limits in 22.2.2.4. 

R22.7.2.2 The upper limit of 420 MPa on the value of fy and fyt 
used in design is intended to control diagonal crack width. 

Jj'la. fyt J fy “if’' 22.7.2.2 

.22.2.2.4 

fyt J fy 4-4^ Ji£. MPa 420 iaJL J-aSj R22.7.2.2 

n*i\l ^ 

22.7.3 Factored design torsion 

22.7.3 

R22.7.3 Factored design torsion—In designing for torsion in 
reinforced concrete structures, two conditions may be identified 
(Collins and Lamport 1973; Hsu and Burton 1974); 

22.7.3.1 If Tu > tpTcr and Ty is required to maintain equilibrium, 
the member shall be designed to resist Ty. 

A.^lyull ^Lyuj^l JSL^l ^ - .Jm-Ma-all pIjillVI R22.7.3 

:(Burton 1974 j Hsu ^ Lampert 1973 j Collins) jjjsj i 

‘ 0J'j4l iaiiadi Tu J Tu > (pTcr 0^ ujllaall Ijj 22.7.3.1 

■Tu ja^aadl 
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11.1.'h.l In a statically indeterminate structure where Tu > cp Ter 
and a reduction of Ty can occur due to redistribution of internal 
forces after torsional cracking, it shall be permitted to reduce Ty to 
<pTcr, where the cracking torsion Ter is calculated in accordance with 
22.7.5. 

Ter j Tu O' 0^ ^ ^ 22.7.3.2 

^ el' ‘ ^ I—mju Xu J'j^' 

.22.7.5 -1 ijLjia juj i (pTcr Tu 

22.7.3.3 If Ty is redistributed in accordance with 22.7.3.2, the factored 
moments and shears used for design of the adjoining members shall 
be in equilibrium with the reduced torsion. 

u^'j 0^ ‘ 22.7.3.2 Sjiih Uij Tu JjJjj Jj*' '^1 22.7.3.3 


COMMENTARY 

(a) The torsional moment cannot be reduced by redistri- bution of 
internal forces (22.7.3.1). This type of torsion is referred to as 
equilibrium torsion because the torsional moment is required for 
the structure to be in equilibrium. For this condition, illustrated in 
Fig. R22.7.3(a), torsional reinforcement must be provided to resist 
the total design torsional moments. 

(b) The torsional moment can be reduced by redistribution of 
internal forces after cracking (22.7.3.2) if the torsion results from 
the member twisting to maintain compatibility of deformations. 
This type of torsion is referred to as compatibility torsion. 

For this condition, illustrated in Fig. R22.7.3(b), the torsional 
stiffness before cracking corresponds to that of the uncracked 
section according to St. Venant’s theory. At torsional cracking, 
however, a large twist occurs under an essentially constant 
torsional moment, resulting in a large redistribution of forces in 
the structure (Colhns and Lampert 1973; Hsu and Burton 1974). 
The cracking torsional moment under combined shear, moment, and 
torsion corresponds to a principal tensile stress somewhat less than 
the 0.33>.Vf(.' used in R22.7.5. 

22.7.3.1) 0- JiiSi 0^ V (i) 

‘ (R.7.7.3 (a .OJ'jJ 

f IjllVI 

'jj (22.7.3.2) (jt* "ft) Jaj 0^^ (v) 

)jA fjlS’ ^ 

ija 

Ji ^)jjIV) JjiL-ah i (R22.7.3 (b j»aj Ji4J) >»ll iSdUh » 

^ '-Ul ,.. ^ .>"14)1 iillj ^ 

^) bu 1 ^jV) Jla ^ i (jti "ft) 

■ 1973 y^j^) (A 

JjUj .(1974 

.R22.7.5 j»Jiljud) xVfcO.33 c> JS) !.« ■i4J) 

If the torsional moment exceeds the cracking torsional moment 
(22.7.3.2), a maximum factored torsional moment equal to the 
cracking torsional moment may be assumed to occur at the critical 
sections near the faces of the supports. The maximum factored 
torsional moment has been established to limit the width of torsional 
cracks. 

(2)) ys jjL»1) jjA 4jla ‘(22.7.3.2) ‘tSi‘il»l) 4^)jjh 4^)jftV) ^j»l) |j| 

y <1 ^ ^jl ■ in a 

Provision 22.7.3.2 applies to typical and regular framing conditions. 
With layouts that impose significant torsional rotations within a 
limited length of the member, such as a large torsional moment 
located close to a stiff column, or a column that rotates in the reverse 
directions because of other loading, a more detailed analysis is 
advisable. 

‘■'illijli-v'ni ^ ,‘Lalalu.ahj ‘liljIdaV) 22.7.3.2 ^^4) 

JLa Jj.1^ dj^ ‘bjljfti bjUljjiJ yay^ 
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If the factored torsional moment from an elastic analysis based on 
uncracked section properties is between cpTth and cpTcr, torsional 
reinforcement should be designed to resist the calculated torsional 
moments. 

jA Xuxj Qja Ul 

i (pXtr j OTth 0^ jjftnnrtil 



Fig. R22.7.3a- Equilibrium torsion, the design torsional 
moment may not be reduced (22.7.3.1). 

-tjn.n'i') ^ V -R22.7.3a 

.(22.7.3.1) 



■ Design torque for this spandrel 
beam may be reduced because 
moment redistribution is possible 


Fig. R22.7.3b-Compatibility torsion, the design torsional 
moment may be redueed (22.7.3.2). 

.(22.7.3.2) j»jft JjAj ^ (iljill- R22.7.3b .ctAI' 
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22.7.4 Threshold torsion 


22.7.4 

22.7.4.1 Threshold torsion Tth shall be calculated in accor- dance with 
Table 22.7.4.1(a) for solid cross sections and Table 22.7.4.1(b) for hollow 
cross sections, where Nu is positive for compression and negative for 
tension. 


iisj Tih ^ O' 4*^ 22.7.4.1 

jlaii.41 (b) 22.7.4.1 (a) 22.7.4.1 

Nu OJ^ <U.uajail 

Table 22.7.4.1(a)—Threshold torsion for solid cross sections 


4j'lri') jidl - (i) 1-4-7-22 


Table 22.7.4.1(a)—Threshold torsion for solid cross 
sections 


Type of member 

T„. 


Noiiprestressed 

member 

( \ 
0.0837^ ^ 

Uo,/ 

(a) 

Prestressed member 

O.OSiXyfl' ^ 
Pep 


(b) 

Noiiprestressed 
member subjected to 
axial force 

0.0837^1^ 

)l O.iSA^X^' 

(c) 


Table 22.7.4.1(b)—Threshold torsion for hollow cross sections 

jjlII f Ijlll - (u) 1-4-7-22 


Table 22.7.4.1(b)—Threshold torsion for hollow 
cross sections 


Type of member 

T„, 


Noiiprestressed 

member 

0.083X^' 

, Pep , 


(a) 

Prestressed member 

0.0Sik.Jl 

^Pep 

)i 

1+ 

0.33X77= 

(b) 

Nouprestressed 
member subjected to 
axial force 

/ 

0.0&3X^' 

\ 

Pep, 

(1 0.334XVr 

(c) 


COMMENTARY 


R22.7.4 Threshold torsion—The threshold torsion is 
defined as one-fourth the cracking torsional moment Ter- For 
sections of solid members, the interaction between the cracking 
torsional moment and the inclined cracking shear is 
approximately circular or elliptical. For such a relationship, a 
threshold torsional moment of Tth, as used in 22.7.4.1, 
corresponds to a reduction of less than 5 percent in the inclined 
cracking shear, which is considered negligible. 

AjL f Ijidl R22.7.4 

JjLdl AjIuIaII fljjlVI JcliHll fLuacSh A-ujuIIj .Tqi- 

t Tth ^ f A.uji.'.lb .t^j^ *3 j* J' 

( t3^L4ll 7.5 cH ( 22.7.4.1 LoS 

.j$jj jjjxj 

For torsion, a hollow section is defined as having one or more 
longitudinal voids, such as a single-cell or multiple-cell box girder. 
Small longitudinal voids, such as ungrouted post- tensioning ducts 
that result in Ag/Acp > 0.95, can be ignored when calculating Tth- 
The interaction between torsional cracking and shear cracking for 
hollow sections is assumed to vary from the elliptical relationship 
for members with small voids, to a straight-line relationship for thin- 
walled sections with large voids 

ijA j^i ji ijiC’ JJAAj AJL ‘ CjLjaj ^ 

tJJaJLa ji <Ulkll ijAi i Cjlfljill 

Ag / Acp ^ -^1 Jli li ^jlah ejlfrljib 

(jLiij JftLiill (2)' .Tth ‘ 0.95 

^1 ejlfrljill jjj j..dUjLU ^‘ 


. For a straight-line interaction, a torsional moment of Tth would 
cause a reduction in the inclined cracking shear of approximately 25 
percent, which was considered to be significant. Therefore, the 
expressions for solid sections are modified by the factor (Ag/Acp)2 
to develop the expressions for hollow sections. Tests of solid and 
hollow beams (Hsu 1968) indicate that the cracking torsional 
moment of a hollow section is approximately (Ag/ Acp) times the 
cracking torsional moment of a solid section with the same outside 
dimensions. An additional multiplier of (Ag/Acp) reflects the 
transition from the circular interac- tion between the inclined 
cracking loads in shear and torsion for solid members, to the 
approximately linear interaction for thin-walled hollow sections. 

^ ^ ^ Tth ■ .ja*..'I JclilU Aa/juXi 

^ ^ i^25 CH ^U.4.1 JjLaII 

Ag / Acp) 2) J-alxll 

^ jidull fajjxll ci\ (1968HSU ) M-ah 

'n't (Ag / Acp) 

(Ag / Acp) -1 JbuSh 

^^UxU (.A JLa^i (jrU Jclidl jjA JUllVI 

fIj^bU bjj^ Jclilll 
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2.1.1.S Cracking torsion 

22.7.5 

22.7.5.1 Cracking torsion Ter shall be calculated in accordance 
with Table 22.7.5.1 for sohd and hollow cross sections, where Nu 
is positive for compression and negative for tension. 

jilII 22.7.5.1 Ter 22.7.5.1 


Table 22.7.5.1—Cracking torsion 

(jiwj - 1-5-7-22 JjAaJl 

Table 22.7.5.1—Cracking torsion 


T>pi‘ of niemher 

T„ 


Nonprestressed member 

o.s.ut;^ 

'4' 

.Pep. 


(a) 

Prestressed member 

O-TUVx 

( A- 

^cp 

IA;. 


1+ _ 
0.3-U^' 

(b) 

Nonprestressed member 
subjected to axial force 

/ 

033X4Z' 

\ 

4' 

Pep. 

It 1 

(c) 


COMMENTARY 

R22.7.5 Cracking torsion—The cracking torsional moment under 
pure torsion. Ter, is derived by replacing the actual section with an 
equivalent thin-walled tube with a wall thickness t prior to cracking 
of 0.75Acp/pcp and an area enclosed by the wall centerline Ao equal 
to 2Acp/3. Cracking is assumed to occur when the principal tensile 
stress reaches 0.33XVfc'. The stress at cracking, 0.33 kVfc', has 
purposely been taken as a lower bound value. In a 
nonprestressed beam loaded with torsion alone, the principal tensile 
stress is equated to the torsional shear stress, x = T/(2Aot). Thus, 
cracking occurs when x reaches 0.33kV.fc', giving the cracking 
torsional moment Ter as defined by expression (a) in Table 22.7.5.1. 

jjjla 1 j'j.j. i j»jc (jlii - R22.7.5 

t ^ ^ 

.2Acp/3 Ao AAklaj 0.75Acp/pcp 

AAj 0.33kV.fc' iax^l UaIc 

d.aA-4 A^l ^ A-ajaS i0.33kV.fc' ^ ^jA^ ^ 

T = ‘ 

(i^*-All U« i 0.33kV.fc' ts^! T '-aAlft jAtiall t^Aau iIaSAj .T/(2Aot) 
.22.7.5.1 JjAaJ' (a) JAJAAlb AAa-all jaall Tcr 

For prestressed members, the torsional cracking load is increased by 
the prestress given by expression (b) in Table 22.7.5.1. A 5ohr's 
Circle analysis based on average stresses indicates the torsional 
moment required to cause a principal tensile stress equal to 0.33A.Vfc' 
is (1 + f pc /(0.33>LA/fc'))0.5 times the corresponding torsional 
cracking moment in a nonprestressed beam. A similar modification 
is made in expression (c) in Table 22.7.5.1 for members subjected to 
axial force and torsion. 

aI^.^YI (jA AIaJj AJ| inlb 

^ jljA .22.7.5.1 JjA^' (“) k3iJ^ 0* 

^aII ^ * in Aa^I aI^.^1 ^ A A^ljklVI k^l 

jAiih 6- »>«(1 + f pc /(0.33kVfc'))0.5. 0.33kVfc' 

^ (cj (_g^ (_^l.4.a JrjAAj ^ ,aI^.^VI Aaj. 9 J. 1 E ■ ^ AJjIa.911 

SjaU (jjAJaliJl j*aUxU 22.7.5.1 JjA^l 

If the factored torsional moment exceeds (pTcr in a stati- cally 
indeterminate structure, a maximum factored torsional moment 
equal to cpTcr rnay be assumed to occur at critical sections near 
the faces of the supports. This limit has been established to control 
the width of the torsional cracks. The replacement of Aep with Ag, 
as in the calculation of Tth for hollow sections in 66.7.4.1, is not 
applied here. Thus, the torsional moment after redistribution is 
larger and, hence, more conservative. 

(j.>2 itlulj k)^^ »AAA.a A^ ^ (pT^,. Alt.dlAh IaI 

(pTcr lijkuulb > jjLIaII fljlhtl t^Aa^ jjAall 

V ( 3 JA^I kA^J^ k^ -A-v*" Ija AjA^ ^ .kliLalCAll 

^ ^IAaU Xti, jA b>S 1 Ag Aep JIAjIuI (j-ulak ^ 

^lllbj i Jjjjjll 9AI*1 Aaj .IaA ‘ 66.7.4.1 
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22.1. Torsional strength 

3-«jliill 22.7.6 


22.7.6.1 For nonprestressed and prestressed members, Tn shall be 
the lesser of (a) and (b); 

cH Tn ‘ j^Uxh 22.7.6.1 

(a) r„= - '^ cote (22.7.6.1a) 

5 

(b) T = - --cote (22.7.6.1b) 

Pk 

where Aq shall be determined by analysis, 0 shall not be taken 
less than 30 degrees nor greater than 60 degrees; At is the area of 
one leg of a closed stirrup resisting torsion; At is the area of 
longitudinal torsional reinforcement; and ph is the perimeter of the 
centerline of the outermost closed stirrup. 

30 0i JjW'i') (jjjla Ao ^ 

Ajlala ^ ^ tliUl&ll fy> Allala ^ ‘ 60 Cfi 

.(jlki d ) jl^l ^ jSj.all Ja^l jaiS^A jA ph J gALjul) 


COMMENTARY 

R22.7.6 Torsional strength—The torsional design strength tpTn 
must equal or exceed the torsional moment Ty due to factored 
loads. In the calculation of Ty, all the torsion is assumed to be 
resisted by stirrups and longitudinal reinforcement, neglecting any 
concrete contribution to torsional strength. At the same time, the 
nominal shear strength provided by concrete, Vc, is assumed to be 
unchanged by the presence of torsion. 

Xn R22.7.6 

^Tn ^ JLA^Slt Tu ji 

(2)1 IjUlVI A-oALuu 

.pljilil (j^ J:)*^ 0 ^ ^ Vc 

R22.7.6.1 Equation (22.7.6.1a) is based on the space truss analogy 
shown in Fig. R22.7.6.1a with compression diagonals at an angle 
0 , assuming the concrete resists no tension and the reinforcement 
yields. After torsional cracking develops, the torsional strength is 
provided mainly by closed stirrups, longitudinal reinforcement, and 
compression diagonals. The concrete outside these stirrups is 
relatively ineffective. For this reason Ay, the gross area enclosed by 
the shear flow path around the perimeter of the tube, is defined 
after cracking in terms of Ayh, the area enclosed by the centerline 
of the outermost closed transverse torsional reinforcement. 

JSAII J ^ja1\ 0^14^1 (a22.7.6.1) A-iu R22.7.6.1 

.lu V 5 jUji jiJl (2)1 i 0 jj (^IvniVl jlaL R.7.7.6.1a 

(juiLul) (1^4^ ‘ Jxj 

CjUl^ll ».!*>« -til) ^ a. I'llj AIIxaII (IiUlill (J^t^ i^a 

(j^ill (jijj Jaauu Ailaloll (2jL£ _)_;;■ "t 

(^1 <) »!*''-'') ‘ Aoh 'l^tj i^A (Jlt^l Jaj ^ 

,(_}la.4 JoaujW Ja^ 

The shear flow q in the walls of the tube, discussed in R22.7, can be 
resolved into the shear forces VI to V4 acting in the individual sides 
of the tube or space truss, as shown in Fig. R22.7.6.1a. 

(ijs (^ ‘ R22.7 (^ Aj*iaUa Cua (^ ill hjjjjSII (2)Ij-^ q 

^JajA jA LaS I ^1 j\ ijjJiU jill (^ (k»*j (^1 V4 (^! VI 

.R22.7.6.1a JS^Jl J 
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As shown in Figure R22.7.6.1b, on a given wall of the tube, the 
shear flow Vi is resisted by a diagonal compression component, Di 
= Vi/sinG, in the concrete. An axial tension force, Ni = Vi(cot0), 
is required in the longitudinal reinforcement to complete the 
resolution of Vi. 

^ i ‘ R 22 . 7 . 6 . 1 b 

.SjLjijaJl i Di = Vi / (sin 0) ‘ uJ^ Aiauiljj vi 

Vi.^J Jl-aSV ^ iNi = Vi (cot0) ‘ 


Because the shear flow due to torsion is constant at all points around 
the perimeter of the tube, the resultants of Di and Ni act through the 
midheight of side i. As a result, half of Ni can be assumed to be 
resisted by each of the top and bottom chords as shown. Longitudinal 
reinforcement with a strength At fy is required to resist the sum of 
the Ni forces, X^i, acting in all of the walls of the tube. 

1 ialUl ^ ilulj 

(ji 0^^ ‘ -i ‘ 0^^*^ Ni j Di 

jA 1.4$ 4 at.i.'ij Cy> (Js Cy> Ni ‘ 

^ J«*:i I , ^Ni ‘ Ni At fy ^ <>VjIa 


In the derivation of Eq. (22.7.6.1b), axial tension forces are 
summed along the sides of the area Aq. These sides form a 
perimeter length po approximately equal to the length of the line 
joining the centers of the bars in the corners of the tube. For ease 
in calculation, this has been replaced with the perimeter of the 
closed stirrups, ph. 

A^laldl ijls- ^ ‘(b 22 . 7 . 6 . 1 ) ^ 

JSI ja ijW Ja^l Jjla c^jLju Jjla ciljlaVI ,Ao 

,p]l a'« ■''1 I^ 'I <a. .,1 ^ £jl 



Fig. R22.7.6.1a—Space truss analogy. 

.<>'^ R 22 . 7 . 6 . 1 a - Js-ill 
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Fig. R22.7.6.1b—Resolution of shear force Vi into diagonal 
eompression foree Di and axial tension force Ni in one wall of tube. 


Ni j Di iiJall ^ vi “J® - R22.7.6.1b 

jIJa 


22.7.6.1.1 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be permitted 
to take Aq equal to 0.85Aoh- 

Ao (1)1 J>H ‘ (b22.7.6.1) j (a22.7.6.1) J 22.7.6.1.1 

.0.85Aoh 


R22.7.6.1.1 The area Aoh is shown in Fig. R22.7.6.1.1 for various 
cross sections. In an I-, T-, or L-shaped section, Aoh is taken as 
that area enclosed by the outermost legs of inter- locking stirrups. 

J jlalidl OllLd R.7.7.6.1.1 Aoh 1-1-6-7-6 

Aoh ^ ^ (3^ -L ji i X 

.Axlaliloll ejULSlI lyt 



Aoh = shaded area 

Fig. R22.7.6.1.1-Definition of Aoh. 

.Aoh uL>:-R 22.7.6.1.1 .J^l 


22.7.6.1.2 In Eq. (22.7.6.1a) and (22.7.6.1b), it shall be permitted 
totake 0 equalto(a)or(b): 

(a) 45 degrees for nonprestressed members or members with 

Apsfse < 0'4(Aps fpu + As fy) 

(b) 37.5 degrees for prestressed members with Apsfse - 
0-4(Aps fpu + As fy) 

ji (i)) o'l jj^, ‘ (b22.7.6.1) j (a22.7.6.1) J 22.7.6.1.2 

■(“) 

^ pLia&Sfl ji j^UxU 45 

Apsfse < 0.4{Aps fpu + As fy) 
^ 37.5 (*-h) 

Apsfse ^ 0.4(Aps fpu + As fy) 


R22.7.6.1.2 The angle 0 can be obtained by analysis (Hsu 
1990) or may be taken equal to the values given in 22.7.6.1.2(a) 
or (b). The same value of 9 is required to be used in both Eq. 
(22.7.6.1a) and (22.7.6.1b). With smaller values of 9, the amount of 
stirrups required by Eq. (22.7.6.1a) decreases. At the same time, the 
amount of longitudinal rein- forcement required by Eq. (22.7.6.1b) 
increases. 

ji (Hsu 1990) <ii> Cfi 0 0 ^ R.7.7.6.1.2 22 

9 4 . 4 ^ 1 .(b) ji (a) 22.7.6.1.2 U (jiM 

‘ 9 cy> £■« .(b22.7.6.1) j (a22.7.6.1) Ills ^ 

4 _^ i ^ (a 22 . 7 . 6 . 1 ) 4 _^ 

.■VJj (b22.7.6.1) tf. ' . 'l a -'j 
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22JJ Cross-sectional limits 

^jxll jJaiall 22.7.7 

22.7.7.1 Cross-sectional dimensions shall be selected such that (a) 
or (b) is satisfied: 

(ij) ji (i) j»Jl JbuSfl ^ 22.7.7.1 

(1) For solid sections 

(i) 

(2) For hollow sections 


(a) For solid sections 


b.d 


1.7.li 


—^ + 0.66J7' 

b.d 


(22.7.7.1a) 


(b) For hollow sections 


COMMENTARY 

R22.7.7 Cross-sectional limits 


JjJaJl R22.7.7 

R22.7.7.1 The size of a cross section is limited for two reasons: 
first, to reduce excessive cracking, and second, to minimize the 
potential for crushing of the surface concrete due to inclined 
compressive stresses due to shear and torsion. In Eq. (22.7.7.1a) and 
(22.7.7.1b), the two terms on the left- hand side are the shear 
stresses due to shear and torsion. The sum of these stresses may 
not exceed the stress causing shear cracking plus O.bbVf,.', similar 
to the limiting strength given in 22.5.1.2 for shear without 
torsion. The limit is expressed in terms of Vc to allow its use for 
nonprestressed or prestressed concrete. It was originally derived on 
the basis of crack control. It is not necessary to check against 
crushing of the web because crushing occurs at higher shear 
stresses. In a hollow section, the shear stresses due to shear and 
torsion both occur in the walls of the box as shown in Fig. 
R22.7.7.1(a) and hence are directly additive at Point A as given 
in Eq. (22.7.7.1b). In a solid section, the shear stresses due to 
torsion act in the tubular outside section while the shear stresses 
due to Vu are spread across the width of the section, as shown 
in Eig. R22.7.7.1(b). Eor this reason, stresses are combined in 
Eq. (22.7.7.1a) using the square root of the sum of the squares 
rather than by direct addition. 



LPi. 


-^ + 

IM 


0.66^ 


(22.7.7.1b) 


( LjIaII i JjStt R22.7.7.1 

^ (b22.7.7.1) j (a22.7.7.1) ^ o^\ 

JjIajj V l>Alt jaajVI 

^0.66Vfc' uuuiIaII 

Vc ^ 22.5.1.2 

SAaImia AAma ji AIjaaa ^.alA^lyuL 

^Laa ^ 

(R22.7.7.1 (a ja ^ Ob-^ 

-(Eq- (22.7.7.1b ^ LaS A Aiailll >-bA Ji^u 4iUaA 

Lau ^LaaII ^ pIjaIVI (Ja-U •114^1 a£J^ 4 LaL^ ^^oIa 

Jlull ^ jA IaS Vu A^jUII JA^ 

(a22.7.7.1) J 4 c^l IA 4 J ,(R.7.7.7.1 (b 

AiLiaVl VAj iIjUjjaII ^^.^a^aI jA^l ^Ia&IuIj 
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Torsional stresses Shear stresses 

(a) Hollow section 


i i i i 


22.7.7.1.1 For prestressed members, the value of d used in 22.7.7.1 
need not be taken less than 0.8h. 

22.7.7.1<.»^ ^nn't (J 4..a^ 22.7.7.1.1 

.0.8h Cy> (Jii ikjj 6' ‘r*^ 


Torsional stresses Shear stresses 

(b) Solid section 

Fig. R22.7.7.1 —Addition of torsional and shear stresses. 

.(j-aih J JjlVl ijxball R22.7.7.1 - 

R22.7.7.1.1 Although the value of d may vary along the span of a 
prestressed beam, studies (MacGregor and Hansonl969) have 
shown that, for prestressed concrete members, d need not be taken 
less than 0.8h. The beams considered had some straight prestressed 
reinforcement or reinforcing bars at the bottom of the section and 
had stirrups that enclosed the longitudinal reinforcement. 


4tjiiin i 5jji jljlal yJc ^ d 'W® (j^ R22.7.7.1.1 

(Hansonl969 j MacGregor) cjUjiIjjII jia i 

Cbu ,0.8h cH d 'll ‘ 


22.7.7.1.2 For hollow sections where the wall thickness varies 
around the perimeter, Eq. (22.7.7.1b) shall be evaluated at the 
location where the term 

-bj'v »'i liLkui ' -'I ^jiin'b 22.7.7.1.2 

^UaiAtl) ^ (b22.7.7.1) ^ .JjU.ah 


r ] 



1 J 


J 


22.7.7.2 For hollow sections where the wall thickness is less than 
Aoh/ph, the term (Tuph/1.7A 2) in Eq. (22.7.7.1b) shall be taken as 
(Tu/1.7Aoht), where t is the thickness of the wall of the hollow 
section at the location where the stresses are being checked. 


R22.7.7.1.2 Generally, the maximum torsional stress will be on the 
wall where the torsional and shearing stresses are additive (Point A 
in Eig. R22.7.7.1(a)). If the top or bottom flanges are thinner than 
the vertical webs, it may be necessary to evaluate Eq. (22.7.7.1b) 
at Points B and C in Pig. R22.7.7.1(a). At these points, the 
stresses due to the shear are usually negligible. 

fjjSi ijlc. 9jjSh ‘ ^1* R22.7.7.1.2 

iblis iJl .((R.7.7.7.1 (a iJ A AiaiAll) ^Ua.» J 

»j* j .(R.7.7.7.1 (a JS-ih C J B J (522.7.7.1) 


‘ Aoh/ph u-« tilAwj plj^bU AjmuIL 22.7.7.2 

LjJi ^ jkjk o' (Eq. (22.7.7.1b 'j (Tuph/1.7A 2) Oi% 

jIja liLuji ^ t ‘ (Tii/1.7Aoht) 

o« k3*^' 
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22.8—Bearing 

j4AiJI 22.8 

22.8.1 General 

(.1*22.8.1 

COMMENTARY 

R22.8—Bearing 

22.8 

R22.8.1 General 

(.1* R22.8.1 

22.8.1.1 Section 22.8 shall apply to the calculation of bearing 
strength of concrete members. 


SjS uLji^ 22.8 *22.8.1.1 


22.8.1.2 Bearing strength provisions in 22.8 shall not apply to post- 
tensioned anchorage zones or strut-and-tie models. 

R22.8.1.2 Because post-tensioned anchorage zones are usually 
designed in accordance with 25.9, the bearing strength provisions 

ji (jlalia fjc- 22.8 lS^ (.l^' V 22.8.1.2 

in 22.8 are not applicable. 

‘ 25.9 ^ 4_aa*aa La dJlf J^l ^3 ^LiIA Ijlaj R22.8.1.2 

22.8.2 Required strength 

Sjill 22.8.2 

.(jjJajU Jijli 22.8 9 j3 

Factored compressive force transferred through bearing shall be 
calculated in accordance with the factored load combinations 
defined in Chapter 5 and analysis procedures defined in Chapter 

6. 


^ dAdUlAll A^ULuajVI 22.8.2.1 

.5 5 dJ.iA.All JaaJI 


22.8.3 Design strength 

22.8.3 

22.8.3.1 Design bearing strength shall satisfy: 

R22.8.3 Design strength 

(»i—alll Sjs R22.8.3 

La Jaaj djd ^^Aaj 22.8.3.1 


♦Bn > Bu 

(22.8.3.1) 


for each applicable factored load combination. 



R22.8.3.2 The permissible bearing stress of 0.85fc' is based on 

22.8.3.2 Nominal bearing strength Bn shall be calculated in 
accordance with Table 22.8.3.2, where Al is the loaded area, and 
A2 is the area of the lower base of the largest frustum of a 
pyramid, cone, or tapered wedge contained whoUy within the 
support and having its upper base equal to the loaded area. The 
sides of the pyramid, cone, or tapered wedge shall be sloped 1 
vertical to 2 horizontal. 

tests reported in Hawkins (1968). Where the supporting area is 
wider than the loaded area on all sides, the surrounding concrete 
confines the bearing area, resulting in an increase in bearing 
strength. No minimum depth is given for the support, which will 
most likely be controlled by the punching shear requirements of 
22.6. 

Al is the loaded area but not greater than the bearing plate or 
bearing cross-sectional area. 

Al ‘ 22.8.3.2 Bn SjS ui^aaj 22.8.3.2 

jt Ljj^aII ji La^^ AAHyilll dJC-l^l AHaIa ^ A2 J ^ JjAA^I A^IaIa 

,42a^a11 aHaIaU ^^Laaa IaIaII AjJfrll Alj ^Jll qaJo uJaII 

^ djJ^xA i^JaII jI Jajj^All j) jAVI 

^OW^^^0.85fc’ ^ JaLJall ^j R22.8.3.2 

^ AIaAaII A.aLaaI) AaUaA lAdlfr .^1968) 

V .JaaaII djfi dJbj (^Jjj Laa (JaaaII ^LaIaIa aJai^aII j— 

^ ^&JaI| ^ 4^J11 (3Aa1I ^ 

.22.6 

AjIaIa J.AAJ jl JaAJ ^ JjAAaII ^^IaIa ^^A1 
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Table 22.8.3.2—Nominal bearing strength 

J-aall »ja - 22.8.3.2 Jj-s*. 


Table 22.8.3.2—Nominal bearing strength 


Gcomctn' of bearing area 

B„ 


Supporting surface is wider 
on all sides than the loaded 

area 

Lesser of (a) 
and (b) 

4AJA,m5f;A^) 

(a) 

2(0.85//.!,) 

(b) 

Other cases 

0.85//.4, 

(c) 


COMMENTARY 

Where the top of the support is sloped or stepped, advantage may 
still be taken of the condition that the supporting member is larger 
than the loaded area, provided the supporting member does not slope 
at too great an angle. Figure R22.8.3.2 illustrates the application of 
the frustum to find A2 for a support under vertical load transfer. 

lajA^ dijli iilUA Jljj V jl 

A2 R.8.8.3.2 ‘ 

Adequate bearing strength needs to be provided for cases where the 
compression force transfer is in a direction other than normal to the 
bearing surface. For such cases, this section applies to the normal 
component and the tangential component needs to be transferred by 
other methods, such as by anchor bolts or shear lugs. 

j^i ^ JalxJuVI ^4^ UJ% 1.5^^ SjS 

^laLdl IJA Jla ^ JIaaII 

.(j-aill 

The frustum should not be confused with the path by which a load 
spreads out as it progresses downward through the support. Such a 
load path would have steeper sides. However, the frustum described 
has somewhat flat side slopes to ensure that there is concrete 
immediately surrounding the zone of high stress at the bearing. 

^ AjS j‘"' b (^.^1 jluioll Jal^l 

111 rtlll (liUj jIuiaII ijlal ‘ “ .^^1 

J ka . 1 ^ ^ ^jlC’ Lija.djAh 

.Ja-sa') Jjc laxuill Cj|j aUlalalL 

Where tensile forces occur in the plane of bearing, it may be 
desirable to reduce the allowable bearing stress, provide confinement 
reinforcement, or both. Guidelines are provided in the PCI Design 
Handbook for precast and prestressed concrete (PCI MNL 120). 

ijA .^^1 OJ^ ^ ^ L 4 AI& 

CjbLujVl ^ ^ ^ ^ lakuall 

.(PCI MNL 120) AAJadUj ^\<■"- PCI ^ 
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22.9 —Shear friction 

Od^l dl^l- R22.9 

22.9.1 General 

^ 22.9.1 

R22.9—Shear friction 

00^1 411^1- R22.9 

R22.9.1 General 

i»l*R22.9.1 

22.9.1.1 This section shall apply where it is appropriate to consider 
shear transfer across any given plane, such as an existing or 
potential crack, an interface between dissim- ilar materials, or an 
interface between two concretes cast at different times. 

R22.9.1.1 The purpose of this section is to provide a design method 
to address possible failure by shear sliding on a plane. Such 
conditions include a plane formed by a crack in monolithic 
concrete, an interface between concrete and steel, and an interface 
between concretes cast at different times (Brrkeland and Birkeland 

^ ^ 22.9.1.1 

ji ( Ai.JadUlAll ji ( jj jLa i Ajjx.4 ijjfluiA 

1966; Mattock and Hawkins 1972). 

J.^^1 R22.9.1.1 

^ Birkeland 1966 j Birkeland) cJlj\ 

.(Hawkins 1972 j Mattock 


Although uncracked concrete is relatively strong in direct shear, 
there is always the possibility that a crack will form in an 
unfavorable location. The shear-friction concept assumes that such 
a crack will form, and that reinforcement is provided across the 
crack to resist relative displacement along it. When shear acts 
along a crack, one crack face slips relative to the other. If the crack 
faces are rough and irregular, this slip is accompanied by 
separation of the crack faces. At nominal strength, the separation 
is sufficient to stress, in tension, the reinforcement crossing the 
crack to its specified yield strength. The reinforcement in 
tension provides a clamping force Ayf fy across the crack faces. 
The applied shear is then resisted by friction between the crack 
faces, by resistance to the shearing off of protrusions on the crack 
faces, and by dowel action of the reinforcement crossing the 
crack. Successful application of this section depends on proper 
selection of the location of an assumed crack (PCI MNL 120; 
Birkeland and Birkeland 1966). 

(,^.4 Q\ 4. 

dJ^JJ ^ t JSnnj USjMJ 

Qa (J.4AJ L 4 AI& 

A^jjj ^ c;ul£ |j| 

t Um\I iJ itVI ‘ .U 

Avf d* 4 t^ 

^ '^j‘ "SI .tt (JA ^ j^fy 

ijA Jjl£ i^aC’ ijAj -‘••'I ijA ^Ull ^jlLa 

.(Birkeland 1966 j Birkeland ^ PCI MNL 120) jLiull 
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22.9.1.2 The required area of shear-friction reinforcement across 
the assumed shear plane, Avf, shall be calculated in accordance 
with 22.9.4. Alternatively, it shall be permitted to use shear transfer 
design methods that result in prediction of strength in substantial 
agreement with results of compre- hensive tests. 

R22.9.1.2 The relationship between shear-transfer strength and the 
reinforcement crossing the shear plane can be expressed in various 
ways. Equations (22.9.4.2) and (22.9.4.3) are based on the shear- 
friction model and provide a conservative estimate of the shear- 
transfer strength. 

22.9.1.2 

.A * ^LoiUiIi .22.9.4 ^ ^ Avf ' 

jj*j (^jll j Jij 9js (jjH 0^ R22.9.1.2 

(22.9.4.3) j (22.9.4.2) ±ajiu .A-tCia.. 

Sjil Ifea-v*.' 

22.9.1.3 The value of fy used to calculate Vn for shear friction shall 
not exceed the limit in 20.2.2.4. 

Other relationships that provide a more accurate estimate of shear- 
transfer strength can be used under the requirements of this section. 
Examples of such procedures can be found in the PCI Design 
Handbook (PCI MNL 120), Mattock et al. (1976b), and Sattock 
(1974). 

Vn Vi 22.9.1.3 

.20.2.2.4 J 

J^i Ijjj^ 

PCI ‘^ lift iliUlJala 

.(attock (19745 j (Mattock et al. (1976b ‘(PCI MNL 120) 

22.9.1.4 Surface preparation of the shear plane assumed for design 
shall be specified in the construction documents. 

R22.9.1.4 Eor concrete cast against hardened concrete or structural 
steel, 66.5.6.1 requires the licensed design professional to specify 
the surface preparation in the construction documents. 

^ ^ 22.9.1.4 

.fLwuVI 

jl ^Lyuj^l iJa AjmuIL R22.9.1.4 

^ ^ 66.5.6.1 ‘ 

22.9.2 Required strength 

djiil 


22.9.2.1 Factored forces across the assumed shear plane shall be 
calculated in accordance with the factored load combinations 
defined in Chapter 5 and analysis procedures defined in Chapter 6 


lldj 22.9.2.1 


22.9.3 Design strength 

22.9.3 


22.9.3.1 Design shear strength across the assumed shear plane shall 
satisfy: 


^jH.4 22.9.3.1 

ipVn > Vu (22.9.3.1) 


for each applicable factored load combination. 
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22.9.4 Nominal shear strength 

22.9.4 

22.9.4.1 Value of Vn across the assumed shear plane shall be 
calculated in accordance with 22.9.4.2 or 22.9.4.3. Vn shall not 
exceed the value calculated in accordance with 22.9.4.4. 

j)\ 22.9.4.2 4 LiSj ijjLoia Vn i—22.9.4.1 

.22.9.4.4 4 liaj Vn Jjlai Vi .22.9.4.3 

22.9.4.2If shear-friction reinforcement is perpendicular to the 
shear plane, nominal shear strength across the assumed shear plane 
shall be calculated by: 

uUji^ ^ ^ |j| 22.9.4.2 

Vn = f.Avf fy (22.9.4.2) 

where Avf is the area of reinforcement crossing the assumed shear 
plane to resist shear, and f is the coefficient of friction in 
accordance with Table 66.9.4.6. 

j Allala ^ Avf 

.66.9.4.6 (J.abi>a jA .f 

Table 22.9.4.2—Coefficients of friction 

cjVUbij 2-4-9-22 Jj-iaJl 


Table 22.9.4.2—Coefficients of friction 


Contact surface condition 

Coefficient of 
friction p'4 


Concrete placed monolithically 

1.4X 

(a) 

Concrete placed against hardened concrete that 
is clean, free of laitance. and intentionally rough¬ 
ened to a fiill amplitude of approximately 6 mm 

l.OX 

(b) 

Concrete placed against hardened concrete that 
is clean, free of laitance. and not intentionally 
rongheiied 

0.6X 

(c) 

Concrete placed against as-rolled stnictnral steel 
that is clean, free of paint, and with shear trans- 
fened across the contact smface by headed smds 
or by welded defomied bars or wir es. 

OJX 

(d) 


I'h = 1.0 for nonualweiglit concrete; X = 0.75 for all lightrr eiglit concrete. Otherwise, k 
is calculated based on volumetric proportions of liglitweight and nonualweiglit aggre¬ 
gate as given ill 19.2.4. but shall not exceed 0.85. 


[1] ^=1.0 for normalweight concrete; ^=0.75 for all lightweight 

concrete. Otherwise, is calculated based on volumetric proportions of 
lightweight and normalweight aggregate as given in 19.2.4, but shall not 
exceed 0.85. 

idllj .Ojjll 4ijii ijLuijiJI = 0.75 i<^ «J.ihl l OjjH dJUnjid k. = 1.0 [1] 

jlA La 8 LUjllj ‘ jll a'.A.y'vti gLL AjLwu^l 

.0.85 jjLaA! Vi osi 49.2.4 


COMMENTARY 

R22.9.4 Naminal shear strength 

AjawjVI tj^4l R22.9.4 


R22.9.4.2 The required area of shear-friction reinforcement, Avf, 
is calculated using; 

■ ..ij 4 iVyf ^ R2 2-9-4-2 

Arf _ Vu /(<pfy|j) (R22.9.4.2) 

The upper hmit on shear strength that can be achieved using Eq. 
(22.9.4.2) is given in 22.9.4.4. In the shear-friction method of 
calculation, it is assumed that all the shear resistance is due to the 
friction between the crack faces. It is therefore necessary to use 
artificially high values of the coefficient of friction in the shear- 
friction equations so that the calculated shear strength will be in 
reason- able agreement with test results. 

jjj (22.9.4.2) .^4U-4I cA-u 

JS (2)1 ijA uUji^ .22.9.4.4 

^ *1 ,-v7. .it ^ iiUdl ..<7 aII .>lK7-vyi 

3^ ClJ^ ‘-uaj lilLLi^VI 0^1 CJ^JAjla ^ J.abi.4 4« 

^ ^14jI ^ 4 jj. i.-v .'ll 

For concrete cast against hardened concrete not roughened in 
accordance with 22.9.4.6, shear resistance is primarily due to dowel 
action of the reinforcement. Test results (Mattock 1977) indicate that 
the reduced value of J1 = 0.6k specified for this case is appropriate. 

4 aU 4 kjjjinall d-wjulb 

.4.SjaJI ^jli 111 jJb (_yll (_y!jSll ^j4b 4..ajlLa ‘22.9.4.6 jb.' ^ ' d 

SL = 0.6k 4 kbiiiAll o'l (Mattock 1977) 

,4^U.a H 

For concrete placed against as-rolled structural steel, the shear- 
transfer reinforcement may be either reinforcing bars or headed 
studs. The design of shear connectors for composite action of 
concrete slabs and steel beams is not covered by these provisions. 
AISC 360 contains design provisions for these systems. 

bA-u ‘ ^b^VI Aba ^^^b ‘buA.lIb 

‘ aJA gglaki V ,‘Luij jAalma ji jl; • bat ^aLju 

AISC ajA^lj biUa^bll J.axU jAdtLa 

.4.AlajS0 44^2 iajjjii ijlCr 360 
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22.9.4.3 If shear-friction reinforcement is inclined to the shear plane 
and the shear force induces tension in the shear- friction reinforcement, 
nominal shear strength across the assumed shear plane shall be 
calculated by: 

22.9.4.3 

; Jili jjA jjLah 

Vn = Avffy( H-sina + cosa) (22.9.4.3) 

where u is the angle between shear-friction reinforcement and assumed 
shear plane, and f is the coefficient of friction in accordance with Table 
22.9.4.2. 

.22.9.4.2 JjJadl isa j liliskvi J-bui 


COMMENTARY 

R22.9.4.3 Inclined shear-friction reinforcement is illustrated in Fig. 
R22.9.4.3 (Mattock 1974), where a is the acute angle between the bar 
and the shear plane. Equation (22.9.4.3) applies only when the shear force 
component parallel to the reinforcement produces tension in the 
reinforcement and the force component parallel to the shear plane 
resists part of the shear, as shown in Fig. R22.9.4.3a. 

R.9.9.4.3 JS-ai ^ ofliU Jtuil j»jR22.9.4.3 

V .0^1 oii sjLaJl Jlaj ‘(Mattock 1974) 

^ ^uL LaJjc VI (22.9.4.3) 

jk LaS ^ ^ ^jijihij djili 

R.9.9.4.3a.iJ^I 

If the shear-friction reinforcement is inclined such that the shear force 
component parallel to the reinforcement produces compression in the 
reinforcement, as shown in Fig. R22.9.4.3b, then shear friction does not 
apply (Vn = 0). 

V (2)^ t R2 2-9-4-3h LoS 

.(Vn = 0 (ii^^! 



Fig. R22.9.4.3a-Tension in shear friction reinforcement. 

. 0^1 dlSi^VI jiyu J A4Jl-R22.9.4.3a Js-ill 
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22.9.4.4 The value of V„ across the assumed shear plane shall not 
exceed the limits in Table 22.9.4.4. Where concretes of different 
strengths are cast against each other, the lesser value of fe' shall he used 
in Table 22.9.4.4. 

jljll Vn 22.9.4.4 

^ ‘ - (jA ^ Lajjc .22.9.4.4 

.22.9.4.4 fc njiaxA] 

Table 22.9.4.4—Maximum Vn across the assumed shear plane 

(jijiLdl jJLaa ja Vn (j-asi - 22.9.4.4 


Table 22.9.4.4 —Maximum Vn across the assumed 
shear plane 


Condition 

Maximum V„ 


Nonnalweight concrete placed 
monolithically or placed against 
hardened concrete intentionally 
roughened to a hill amplitude of 
approximately 6 mm 

Least ot 
(a), (b), 
and (c) 

0.2fMc 

(a) 

a 3 + 0.08//)4, 

(b) 

114, 

(c) 

Other cases 

Lesser of 
(d) and (e) 

02fMc 

(d) 

5.54, 

(e) 


COMMENTARY 



Fig. R22.9.4.3b-Compression in reinforcement. 

- R22.9.4.3b . 

R22.9.4.4 Upper limits on shear friction strength are necessary, 
as Eq. (22.9.4.2) and (22.9.4.3) may become unconservative for 
some cases (Kahn and Mitchell 2002; Mattock 2001). 

j (Eq. (22.9.4.2 ‘ Sjil Uidl jjjaJl R22.9.4.4 

Kahn and Mitchell ) biVlaJl ^^ylaiala (22.9.4.3) 

.(Mattock 2001 ^2002 
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22.9.4.5 Permanent net compression across the shear plane shall he 
permitted to he added to Ayf fy, the force in the shear-friction 
reinforcement, to calculate required Ayf. 

djill ( Avf fy (^1 JalxJajI ^LJab 22.9.4.5 


22.9.4.6 Area of reinforcement required to resist a net factored 
tension across an assumed shear plane shall be added to the area of 
reinforcement required for shear friction crossing the assumed 
shear plane. 

(jC .1^1 "''I Allald ‘ 22.9.4.6 


22.9.5 Detailing for shear-friction reinforcement 

^'*^^22.9.5 

22.9.5.1 Reinforcement crossing the shear plane to satisfy 22.9.4 shall he 
anchored to develop fy on both sides of the shear plane. 

fy ijlc. 22.9.4 ijJIm yjfl JSjjj 22.9.5.1 

.(_)<aAll jjIm Ijlc. 


COMMENTARY 

R22.9.4.5 This provision is supported hy test data (Mattock and 
Hawkins 1972) and should be used to reduce the amount of shear-friction 
reinforcement required only if the compressive force across the shear 
plane is permanent. 

(Mattock and Hawkins 1972) jbjiVl li* R22.9.4.5 

dulS |j| JaiS ^ ^ ..I <4*. 1,1 

,A»4jb Jaxbill 

R22.9.4.6 Tension across the shear plane may be caused by restraint 
of deformations due to temperature change, creep, and shrinkage. 
Where moment acts on a shear plane, the flexural compression and 
tension forces are in equilibrium and do not change the resultant 
compression Avf fy acting across the shear plane or the shear- 
friction resistance. It is therefore not necessary to provide additional 
reinforcement to resist the flexural tension stresses, unless the 
required flexural tension reinforcement exceeds the amount of shear- 
transfer reinforcement provided in the flexural tension zone (Mattock 
et al. 1975). 


jjxill t-ujAj 0^1 ijjliAA jjC' lull ‘ ^ R22.9.4.6 

(jjSA i (j^ill cl-^ Uilc.fjliLtUVIj ci^jllj >jljiJI ^ji 

^lll Avf fy ^^1 Vj ^ lull j JadLlalVI 

^jduj ^jjjuall (iillll .^j^ilb i4l£j^VI ji ^j^ill ^jluA 

(j^lll (Jil ^jiuj jlll.a lull ^jluj jjl^ lil VI il^l it^l ^jllal ^lual 

.(Mattock et al. 1975) -i^JI 3ilal« ^ »jijl»ll 

R22.9.5 Detailing for shear-frietion reinforeement 

(_yaill tlllSja.1 ^jluill (J^UjII R22.9.5 

R22.9.5.1 If no moment acts across the shear plane, reinforcement should 
he uniformly distributed along the shear plane to minimize crack widths. 
If a moment acts across the shear plane, the shear-transfer reinforcement 
should he placed primarily in the flexural tension zone. 

^jI.iiIII i.iyj*! I (j^ill ^jlu.4 jjlC’ j\ J.a*j lit R22.9.5.1 

^jluA ^J^l Cl£j^ 111 ^jl urt ^^1& <^.>4 

,fU^5U lull AllaLi ^ JjSlI ^ll.all lu^ t^j^ill 

Anchorage may be developed by bond, by a mechanical device, or 
by threaded dowels and screw inserts. Space limitations often require 
the use of mechanical anchorage devices. For anchorage of headed 
studs in concrete, refer to PCI Design Handbook for precast and 
prestressed concrete (PCI MNL 120). 


jA rt L ufl Alauljj ji ^idauljj buj^l jj^laj ^ 12 

dj^^i ^ll^lul ^^buoll Ij^ 

^Luj^Il PCI -j J^l ^^Ij ^ A^ijll j^LuaII 

.(PCI MNL 120) 


The shear-friction reinforcement anchorage should engage the 
primary reinforcement; otherwise, a potential crack may pass 
between the shear-friction reinforcement and the body of the 
concrete. This requirement applies particularly to welded headed 
studs used with steel inserts. 


la 


lilli i^jVI ^jdujll lilLSj^VI ^jlulll 9Ljij.a ‘''f'i 

tuUalAll llA _ULuj^l ^j^^b iilLSH^VI ^aIuj ^_^^I jaa 

,tul*^l ^ ^I^IuaII 1 Aj^vblt J^buoll 
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CHAPTER 23—STRUT-AND-TIE MODELS 

aUUjJI - 23 

23.1—Scope 

JMi 23.1 

COMMENTARY 

R23—STRUT-AND-TIE MODELS 

j aUUjJI gilLu - R23 

R23.1—Scope 

J4-1I R23.1 

23.1.1 This chapter shall apply to the design of structural concrete 
members, or regions of members, where load or geometric 
discontinuities cause a nonlinear distribution of longitudinal strains 
within the cross section. 

A discontinuity in the stress distribution occurs at a change in the geometry 
of a structural element or at a concentrated load or reaction. St. Venant’s 
principle indicates that the stresses due to axial force and bending 
approach a linear distribution at a distance approximately equal to the 

jl ( 23.1.1 

^UaijVl ji ‘ i fLJa&Sfl 

overall depth of the member, h, away from the discontinuity. For this 
reason, discontinuity regions are assumed to extend a distance h from 
the section where the load or change in geometry occurs. 

23.1.2 Any structural concrete member, or discontinuity region in a 
member, shall be permitted to be designed by modeling the 
member or region as an idealized truss in accordance with this 
chapter. 

ji — ^ ^Ualjl 

A^Ull JajxJail - - 1.^ jl J.4^1 

djUl 

cidjAll Ja9u 1.^ .^UsIjVI Cfi" 

JLmII ^ jaJuII ji Ja^I AuS ^klAll ^ h ^Laa JjJaj 

jJaC- j\ ciSjlUl AiJala j\ JSL^! ^ 23.1.2 

jI A.&AAJ A 

The shaded regions in Fig. R23.1(a) and (b) show typical D-regions 
(Schlaich et al. 1987). The plane sections assumption of 9.2.1 is not 
applicable in such regions. In general, any portion of a member outside 
a D-region is a B-region where the plane sections assumptions of flexural 
theory can be applied. The strut-and-tie design method, as described in 
this chapter, is based on the assumption that D-regions can be analyzed 
and designed using hypothetical pin-jointed trusses consisting of struts and 
ties connected at nodes. 

D (jlatla (b) J R23.1 (a) uj'***"" Sjlliall (jlalLdl 

jj* ^ jJali V 9.2.1 (> .(Schlaich et al. 1987) 

H Allal. ^ P) A^laLa ^3^ iS^ _^W * ..\t 

P) ^JLLIaII 1.^ ^ jA LoS Dajjllj 

^ ^ tliLal£^l ijA diLdlfiJ -1 <C*, III j 1 ^ 
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(a) Geometric discontinuities 
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(b) Loading and geometric discontinuities 

Fig. RJS.l — D-regions and discontinuities. 


Fig. R23.1—D-regions and discontinuities. 

LiliVlj D -R23 .1 
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23.2—General 

,»U|23.2 

COMMENTARY 

R23.2 — General 

,»U1I R23.2 

23.2.1 Strut-and-tie models shall consist of stmts and ties connected at 
nodes to fom an idealized tmss. 

R23.2.1 For the idealized tmss, stmts are the compression members, 
ties are the tension members, and nodes are the joints. Details of the 

Jajljjj qa ^jLaj 23.2.1 

use of stmt-and-tie models are given in Schlaich et al. (1987), Collins 
and Mitchell (1991), MacGregor (1997), FIP (1999), Menn (1986), 
Muttoni et al. (1997), and ACI445R. Design examples for the stmt-and- 
tie method are given in ACI SP-208 (Reineck 2002) and ACI SP-273 
(Reineck and Novak 2010). The process of designing a stmt-and-tie model 
to support the imposed forces acting on and within a D-region is 
referred to as the strut-and-tie method, and it includes the 
following four steps; 

ijk Jajljjhj 1 ^ i R23.2.1 

^ Jajjllj ^jLu «t <4*...1 Jjjj jjA t .1^1 

FIP ‘ (1997) ‘ (1991) ‘(Schlaich et al. (1987 

.ACI 445R j ‘ (1997) . (1986) 0#- ‘ ((1999 

ACI j (ACI SP-208 (Reineck 2002 J 

kjLtc- ul\ jLiu .(Novak 2010 j SP-273 (Reineck 

A^jla D fjlC' J.4aj ‘b.<ajji..dl fC’jl 

;^bil tiajjilj 

(1) Define and isolate each D-region. 

(2) Calculate resultant forces on each D-region boundary. 

(3) Select the model and compute the forces in the struts and ties to 
transfer the resultant forces across the D-region. The axes of the 
struts and ties are chosen to approximately coincide with the axes of 
the compression and tension fields, respectively. 

(4) Design the struts, ties, and nodal zones so that they have 
sufficient strength. Widths of struts and nodal zones are determined 
considering the effective concrete strengths defined in 23.4.3 and 
23.9.2. Reinforcement is provided for the ties considering the steel 
strengths defined in 23.7.2. The reinforcement should be anchored in 
or beyond the nodal zones. 

,A4 Allal. (1) 

,D Alialall fjlc- ub^ (2) 

a ‘bbalf^l ^ ujl > j (3) 

bi ,UU ^ biLalfill ^ .D 

^ iji CXS^ tSajjWj ibiLalCJll -j-'''* (4) 

^ ^ ‘ ‘bliLllI ^bjij^l jbjcVI ^ bibalf^l 

SjSh itij <^ljj (^1 lajljjli jjiuull jjijj .23.9.2 j 23.4.3 

jj ^ 0^ .23.7.2 ‘ 

The components of a strut-and-tie model of a single-span deep beam 
loaded with a concentrated load are identified in Fig. R23.2.1. The 
cross-sectional dimensions of a strut or tie are designated as 
thickness and width, and both directions are perpendicular to the axis 
of the strut or tie. Thickness is perpendicular to the plane, and width 
is in the plane of the strut-and-tie model. A tie consists of 
nonprestressed or prestressed reinforcement plus a portion of the 
surrounding concrete that is concentric with the axis of the tie. The 
surrounding concrete is included to define the zone in which the 
forces in the ties are to be anchored. The concrete in a tie is not used 
to resist the axial force in the tie. Although not explicitly considered 
in design, the surrounding concrete will reduce the elongations of the 
tie. esoeciallv at service loads. 
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23.2.2 Geometry of the idealized truss shall be consistent with the 
dimensions of the struts, ties, nodal zones, bearing areas, and 
supports. 

Jajjllj Jbui ^ Ca-ViA 23.2.2 

*A\tj 


^ JI^aaVI AijAfr djA^ CjUjSa ^ 

i-tlAtjiS Jjbull ji ^JaLdl jUjI JjJaJi ^ .R23.2.1 ^ 

^LaaaII ,JjIjl 1II ji 

^aLaj ^ iajljjll .iijljjllj ^ 

^ ijSjAll 4jaA&.Ah ^Luj^l i^i ^LtAaVL IIaaaa a j{ j3j».JaA 

J£ijAu A 1.IJ.V a'i ^Laj^I (jaaiau ^ ,4jajjll 

.Jjbull ^ 4 ^^jaa 1I tjlll ^jILaI JjUaII ^ «l '-C*. Ill ^ .Jajljjll ^ 

cijAA aUsa^aII ^Laj^I J^AAj 3l£l^ ^jll 

Jaiaj Ale Aa^L^ ‘^jh ^Ualul ija 


Idealized 

prismatic 

strut 


Fig. R23.2.1-Deseription of strut-and-tie model. 

.■lajjhj t> R23.2.1- .J^l 

R23.2.2 The struts, ties, and nodal zones making up the strut-and-tie 
model all have finite widths, typically in the plane of the model, and 
thicknesses, typically the out-of- plane dimension of the structure, 
which should be taken into account in selecting the dimensions of 
the truss. Figures R23.2.2(a) and (b) show a node and the 
corresponding nodal zone. The vertical and horizontal forces 
equilibrate the forces in the inclined strut. 


P 



Ajajjllj ^A^^ ^Aixll t CjlAlfAil R23.2.2 

Aft^l 0.9% ka dAlfj ( iilAAjjj ( ^AjaaII ^^^aaaa dAl£ t AjA^ CAlA ^JS . 

_0^La^ 1 Abui jku^l Aafr jLj&VI ^ 0‘^ C5^%% ^ ^jaaaII 

^AjAill ,^11 a1| aA^I A^lalaj aAAC j (R23.2.2 (u 0^^^^^ 

.^LaII ^I^aII ^ AjaaVIj 


If more than three forces act on a nodal zone in a two- dimensional 
strut-and-tie model, as shown in Fig. R23.2.2(a), it is suggested to 
resolve some of the forces to form three intersecting forces. The strut 
forces acting on Faces A-E and C-E in Eig. R23.2.2(a) can be 
replaced with one force acting on Eace A-C as shown in Eig. 
R23.2.2(b). This force passes through the node at D. 

tAbuSlI ^Ua isAjJ ACl^ iiiU'iA ^ J^j tliLaC IaI 

(JaSaaaI [5ja11 tjexi ‘(R23.2.2 (a j* LaS 

JSaaII ^ C-E j A-E JaIcaII JIaaaajiI .AxIaliAA 

R23.2.2 uAiSAill ^ ijiM j* LaS A-C »j% (R23.2.2 (a 

.D Sa^I jA jaa SjaII .((I) 
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Alternatively, the strut-and-tie model can be analyzed assuming all 
the strut forces act through the node at D, as shown in Fig. 
R23.2.2(c). In this case, the forces in the two struts on the right side 
of Node D can be resolved into a single force acting through Point D, 
as shown in Fig. R23.2.2(d). 

(jM 

(jSm iJJLaJl sJA ^ .(R23.2.2 (c (jj" j* '-•i ‘ D SjSilII Jlti 

.(R23.2.2 (d ^ j* L»s i d y Jmu 

If the width of the support in the direction perpendicular to the 
member is less than the width of the member, transverse 
reinforcement may be required to restrain vertical splitting in the 
plane of the node. This can be modeled using a transverse strut-and- 
tie model. 


lilUA ijjSj lyy y J2I j.uaxU y 

Jaj^l OJ^ 



Nodal 



Node 


(a) Struts A-E and C-E 
may be replaced by A-C 


(b) Three struts acting 
on a nodal zone 



(c) Four forces acting (d) Forces on right side of node 

on node D shown in (c) resolved 


Fig. R23.2.2 —Resolution of forces on a nodal zone. 

Ailflla - 23 . 2 . 2 . J^^l 
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23.2.3 Strut-and-tie models shall be capable of transfer- ring all 
factored loads to supports or adjacent B-regions. 

5jjjAll 23.2.3 

,3B (jfaf'-a ji Ijl] 

23.2.4 The internal forces in strut-and-tie models shall be in equilibrium 

with the applied loads and reactions. 

^ Jajjllj ^ CXS^ 23.2.4 

23.2.5 Ties shall be permitted to cross struts and other ties. 

iajljjllj tliLalfr^l 23.2.5 

23.2.6 Struts shall intersect or overlap only at nodes. 

^ JaiS ji diLalf^l 23.2.6 


COMMENTARY 

R23.2.3 Strut-and-tie models represent lower-bound strength limit 
states. The Code does not require a minimum level of distributed 
reinforcement in D-regions designed by this Chapter, but does for 
deep beams in 9.9.3.1 and for brackets and corbels in 16.5.5. 
Distributed reinforcement in similar types of D-regions will improve 
serviceability performance. In addition, crack widths in a tie can be 
controlled using 24.3.2, assuming the tie is encased in a prism of 
concrete corresponding to the area of the tie from R23.8.1. 

Jajlu^ V ajlll JLu R23.2.3 

in') .16.5.5 ilibblSllj (jjiljSiUj 9.9.3.1 AitaaJl 5J. 4 SII 1 —iHaTu 

iiiUj D (jiaLlall ijA 

'dajjll (jial‘24.3.2 Jajljjll ^ jC ^ 

.R23.8.1 0^ ^Ua.a ^bjjj^ jjmimj dUdLa 


R23.2.6 A hydrostatic nodal &one, by definition, has equal stresses 
on the loaded faces; these faces are perpendicular to the axes of the 
struts and ties that act on the node. This type of node is considered a 
hydrostatic nodal zone because the in-plane stresses are the same in 
all directions. Strictly speaking, this terminology is incorrect because 
the in-plane stresses are not equal to the out-of-plane stresses. 

> in fl ia j xJa La^ 4 ubjuil *S.v j 4 j R23.2.6 

Jaju Jajljjllj tlibal£^l (j^ ‘ 

I'JJ A>U \» fjA 

^ ^jl^l Ljkuall ^jLuj V Jajxball 

Figure R23.2.6a(i) shows a C-C-C nodal zone. If the stresses on the 
face of the nodal zone are the same in all three struts, the ratios of the 
lengths of the sides of the nodal zone, wnl:wn2;wn3, are in the same 
proportions as the three forces, C1;C2:C3. 

ijlC: iIiUaj«.4al) buLS bl .C-C-C >.1^1 i 23.2.6 

A^lala uulj^ Jljlai uuu tliLalfjll 4^]^ 

.Cl: C2 : C3 ‘ ‘ wnl: wn2: wn3 ‘ 

A C-C-T nodal zone can be represented as a hydrostatic nodal zone 
if the tie is assumed to extend through the node and is anchored by a 
plate on the far side of the node, as shown in Fig. R23.2.6a(ii), 
provided that the size of the plate results in bearing stresses that are 
equal to the stresses in the struts. The bearing plate on the left side of 
Fig. R23.2.6a(ii) is used to represent an actual tie anchorage. The tie 
force can be anchored by a plate or through embedment of straight 
bars (Fig. R23.2.6a(iii)), headed bars, or hooked bars. For non¬ 
hydrostatic nodes, the face with the highest stress will control the 
dimensions of the node. 
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Jajljll i.jj<1 CCT 4,Akla Jj’'-'* 

^ (j^ jA LoS iSj^I lyt (j^ AJauljj JSjjjj sJ^I jA JiLu 

t 5 jLuu ^1 LjiJall J4aj j^Jjj ‘(R23.2.6a (ii tS^' 

^ u^ (J.aaJi »' <-v*. Ill ^ ,tIiLal£^l JajLiill 

AJauljj I'nn'i (j£>u ilu.uj Jnn'i' (R23.2.6a (11 

(JjiijJl ^Uxiaa ji ((R23.2.6a (1 A-ajildW ^UJaS JJC J5 Ia ija ji 

^Ixll ‘^'1 jj ‘ ^ ‘ "jj J^jlU 4 ji inlb /»'« j\ 

,3j^I Jbui fji 

The lightly shaded area in Fig. R23.2.6a(ii) is an extended nodal 
zone. An extended nodal zone is that portion of a member bounded 
by the intersection of the effective strut width ws and the effective 
tie width wt. 

A^laloll .dJlu ^4^ 4 aU‘.% R23.2.6a (11 ^ UUaU 4 all* A\ 

WS »ia^ ^jll jxb*l) ^ 1^4 ^ aftaa'I 

.wt JjbLlll (_)ijCj 

For equilibrium, at least three forces should act on each node in a 
strut-and-tie model, as shown in Fig. R23.2.6c. Nodes are classified 
according to the signs of these forces. A C-C-C node resists three 
compressive forces, a C-C-T node resists two compressive forces 
and one tensile force, and a C-T-T node resists one compressive 
force and two tensile forces. 

diLalfJ »4^ lS^ O' 4*^ ‘Oj'j^' O* 

aJA CjLa^Ul lASj 4^1 uAaxdjj .R23.2.6c ‘ ^JJ 

OrHjS C-C-T aJixh i4. JaiOa jji C-C-C 

aJ^lj Ja&Oa aji C-T-T aJ^I I ■'b.' ‘ aJ^lj lO ajij Qj^ji Aa 

.4^1 



(II) Tensilo force anchored by a plate 



(ill) Tensile force anchored by embedment 


Fig. R23.2.6a—Hydrostatic nodes. 

j ]4a4JI 4^1 - a23.2.6. 
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Fig. R23.2.6b —Extended nodal zone showing the effect of the 
distribution of the force. 

,3^1 -u ,u 23.2.6 

C C 



<i)C-C-CNode (ii)C-C-TNode (HOC-T-T Node 


Fig. R23.2.6c-Classifieation of nodes. 

h ammoj - ^ 23.2.6. 
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23.2.7 The angle between the axes of any strut and any tie entering a 
single node shall be at least 25 degrees. 

R23.2.7 The angle between tbe axes of a strut and a tie acting on a node 
should be large enough to mitigate cracking and to avoid 
incompatibilities due to shortening of the strut and lengthening of the 

Jajlj j\j JSj Vi 23.2.7 

25 

tie occurring in approximately the same direction. This limitation on 
the angle prevents modeling shear spans in slender beams using struts 
inclined at less than 25 degrees from the longitudinal reinforcement 
(Muttoni et al. 1997). 

23.2.8 Deep beams designed using strut-and-tie models shall satisfy 
9.9.2.1, 9.9.3.1, and 9.9.4. 

50*^ 4*^ R23.2.7 

^ 3 Alxoxil * 23 2 8 

.9.9.4 j 9.9.3.1 j 9.9.2.1 

c.y^aH l Lu 

^ iliblJlal dl^VI ^ 

23.2.9 Brackets and corbels with shear span-to-depth ratio av/d < 
2.0 designed using strut-and-tie models shall satisfy 16.5.2, 16.5.6, 
and Eq. (23.2.9). 

.(Muttoni et al. 1997) 

/ d JlJlaVl Aiyiij 23.2.9 

.(Eq. (23.2.9 j 16.5.6 j 16.5.2 (.iJiL-b <2.0 


Asc > 0.04(fc7fy)(bwd) (23.2.9) 


23.3—Design strength 

R23.3—Design strength 

23.3.1 For each applicable factored load combination, design strength of 
each strut, tie, and nodal zone in a strut- and-tie model shall satisfy (pSn 
> U, including (a) through (c): 

R23.3.1 Factored loads are applied to the strut-and-tie model, and the 
forces in all the struts, ties, and nodal zones are calculated. If several 

4 cj^ 23.3.1 

iiUj ^ Laj ( (pSfj ^ U ^ dJA&j Aiajjllj AliaLa 

:(s) C) 

load combinations exist, each should be investigated separately. For 
a given strut, tie, or nodal zone, Fu is the largest force in that element 
for all load combinations considered. 

(a) Struts: (pFns > Fus 

( Aiajjllj JLa^VI (3:uiaj ^ R.23.3.1 

^ JjJadI ^ & AJajjIlj & ^ 

(b) Ties: (pFnt > Fut 

jl ^UajJ jl ulC- ^ i J.4^1 CJS’^^A^A 

(c) Nodal zones: tpFnn > Fus 

<|)Fns ^ F„3 (i) 

^ ^ ^Ujx.4 

(|)Fn, > Fu, iCjOajjh (ui) 

(|)Fnn > Fus (S) 


23.3.2 O shall be in accordance with 21.2. 


.21.2 6j% o' O 23.3.2 
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23.4—Strength of struts 

(aUUjJI oji - 23.4 

R23.4—Strength of struts 

(aUUjJI Oji - R23.4 

23.4.1 The nominal compressive strength of a strut, Fns, shall be 
calculated by (a) or (b); 

R23.4.1 The width of strut, ws, used to calculate Acs is the 
dimension perpendicular to the axis of the strut at the ends of the 

ji i Fns A^ULJajVI 23.4.1 

strut. This strut width is illustrated in Eig. R23.2.6a(i) and Fig. 
R23.2.6b. If two-dimensional strut-and-tie models are appropriate, 
such as for deep beams, the thickness of the struts may be taken as 

(a) Strut without longitudinal reinforcement 

^ aiall fuiwull (i) 

Fns = fee Acs ' '(23.4,1a) 

the width of the member except at bearing supports where the 
thickness of the strut must equal the least thickness of the member or 
supporting element. 

(b) Strut with longitudinal reinforcement 

..*U ^ 

Fns=fceAcs+As'fs' (23.4.1b) 

^jk- Acs i ws ‘ u^jc- R23.4.1 

(R23.2.6a (i 

dj«aSll jLa i JbuSl'l ^jLaj Cul£ |j| .R23.2.6b 

.lie- iil^yu jli^l ^ i AAlaxII 

where Fns shall be evaluated at each end of the strut and taken as 
the lesser value; Acs is the cross-sectional area at the end of the 
strut under consideration; fee is given in 23.4.3; As' is the area of 
compression reinforcement along the length of the strut; and fs' is 
the stress in the compression reinforcement at the nominal axial 
strength of the strut. It shall be permitted to take fs' equal to fy for 
Grade 40 or 60 reinforcement. 

ji iiLu JiV IjjLjm iiLu (^, 5 % ( 2 )'^ 

The contribution of reinforcement to the strength of the strut is given 
by the last term in Eq. (23.4.1b). The stress fs' in the reinforcement 
in a strut at nominal strength can be obtained from the strains in the 
strut when the strut crushes. Detailing requirements in 23.6 must be 
met including confinement rein- forcement to prevent buckling of 

Acs ■ cijia ^ Fns 

LoS ^ 23.4.3 fee ^JiS - ^ 4_uaj3LlwMll AHaloll 

JaxJal) ^ iaxJall jA' f$ j Jjla 

60 40 fy fs 

the strut reinforcement. 

Fq. pUa&l ^ 

SjAll ^ ^ fs' ijl 4 j .((23.4.1b 

L 4 .I 4 & fjk JlxijVI A^44 jiVI 

^AyuJ iillj (jk Laj 23 6 

23.4.2 Effective compressive strength of concrete in a strut, fee, 
shall be calculated in accordance with 23.4.3 or 23.4.4. 

R23.4.2 In design, struts are usually idealized as prismatic 
compression members. If the area of a strut differs at its two ends. 

^ fee (_g^ AjialxJajVI ^ 23.4.2 

.23.4.4 ji 23.4.3 

due either to different nodal zone strengths at the two ends or to 
different bearing lengths, the strut is idealized as a uniformly tapered 
compression member. 

IjI .AjjjA'UII Jaxulll pLua&V ^1^4 ^L4l&ill l-a dJk i ^ R23.4.2 

^ d .^^1 ^ ‘ 

,>^JA ^14.4 i JljlaSf ji 

23.4.3 Effective compressive strength of concrete in a strut, fee, 
shall be calculated by; 

R23.4.3 The strength coefficient 0.85fc' in Eq. (23.4.3) represents the 
effective concrete strength under sustained compression, similar to 
that used inEq. (22.4.2.2) and (22.4.2.3). 

i f(;g i ^ ^L4.uj^ 4^li.u3jVI uLyiu^l ^ 23.4.3 

Uuijidl kAj)lA jLu (23.4.3) .^JbL 4 ll J 0.85fc’ J-l*- R23.4.3 

j ( 22 . 4 . 2 . 2 ) ^ ..*u ijk ijAluiA JdLia 

fee =0.85[3sfc' (23.4.3) 

.(22.4.2.3) 

where Ps, in accordance with Table 23.4.3, accounts for the effect 
of cracking and crack-control reinforcement on the effective 
compressive strength of the concrete. 

The value of Ps in (a) of Table 23.4.3 applies to a prismatic strut and 
results in a stress state that is equivalent to the rectangular stress 
block in the compression zone of a beam or column. 

djd j ( 23.4.3 ^ ps 

.^Lyuj^ JaULiajVl 

4 JU ^j>il 4 ll 4 - 4 lc.jIl ^jk 23.4.3 (!) ps 

j! iaLuaJl Aliala ^ ALS JjUj 
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Table 23.4.3—Strut coefficient Ps 

Ps - 23.4.3 


Table 23.4.3—Strut coefficient ps 


strut geometry and location 

Reinforcement 
crossing a strut 

Ps 


Stmts with miifomi cross- 
sectional area along length 

NA 

1.0 

(a) 

Stmts located in a region of 
a member where the width 
of the compressed concrete 
at midleugth of the stmt can 
spread laterally (bottle¬ 
shaped stmts) 

Satisfying 23.5 

0.75 

(b) 

Not Satisfying 23.5 

0.60X 

(c) 

Shuts located in tension 

members or the tension zones 
of members 

NA 

0.40 

(d) 

All other cases 

NA 

0.60X 

(e) 


23.4.4 If confining reinforcement is provided along the length of a 
strut and its effect is documented by tests and analyses, it shall be 
permitted to use an increased value of fee when calculating Fns. 

(J5U. Jjjjj jbj Clift j 11 j^jj ju Ijj 23.4.4 

Jjft fcg ^ tJjlJla <1.4^ .11,1 j i_i^ ..■'.MjUUlj 

■Fns 


COMMENTARY 

The value of Ps in (b) of Table 23.4.3 applies to bottle- shaped struts 
as shown in Fig. R23.4.3. A bottle-shaped strut is a strut located in a 
part of a member where the width of the compressed concrete at 
midlength of the strut can spread laterally (Schlaich et al. 1987; 
MacGregor 1997). The curved dashed outlines of the struts in Fig. 
R23.2.1 and the curved sohd outhnes in Fig. R63.4.3 approximate 
the boundaries of bottle-shaped struts. To simplify design, bottle¬ 
shaped struts are idealized either as prismatic or tapered, and crack- 
control reinforcement from 23.5.3 is provided to resist the transverse 
tension. The cross-sectional area Ac of a bottle- shaped strut is taken 
as the smaller of the cross-sectional areas at the two ends of the strut. 
Refer to Fig. R23.4.3(a). 

L 4 S iiil^l^J cjUlftjll 23.4.3 ('r‘) P$ 

(_gi Calftj ^ (Jiii ijlc- Calftjll .R23.4.3 ^ 

Calftill ^ 2 ft Cajtj‘>4aft 

LjlaaJl jjaj .(MacGregor 1997 ^Schlaich et al. 1987) Js-iu 
^ '..'I <UL.di| R23.2.1 CjLalftjU dalLdI 

diLalftjll .'llu^ ijiS’ tliLalftjll R63.4.3 

*S-v'<U J^JJ ( 3 ^ Idl CjIJ 

CajU.4 23.5.3 0^ ^ 

.Calftjll A.Jajalui.all tlil^Luioll jCdi ^l^J u^C’ Calftjll ^ (AC) 

.(i) R23.4.3 

The value of Ps in (c) applies to bottle-shaped struts where transverse 
reinforcement is not provided. The strength of a strut without 
transverse reinforcement is reduced by unre- strained transverse 
tension. Refer to Fig. R23.4.3(a). 

^ V tlilj tliLalftjll ^jlC’ ^^) ^ p$ 

Cfi Aj^lajft Cj^ UJ^ Calftiil ^ 

.(i) R23.4.3 .jjAidl 

The value of Ps in (d) applies, for example, to compression struts in a 
strut-and-tie model used to design the longitudinal and transverse 
reinforcement of the tension flanges of beams, box girders, and 
walls. The low value of Ps reflects that these struts need to transfer 
compression in a zone where tensile stresses act perpendicular to the 
strut. 

^ ^LJalxJajVI iIiLalft^l i JIIaII ‘ (J) P$ 

1 ^ ....'I AJajjlIj ^Iftjll 

tiiLalft jll 9 Ps4 4 .Jai&Xall ‘ , box girders 

.^Ift^l ^_jlft ^Jj4ft J.axj A^lala ^ JaULluVI 

The value of Ps in (e) applies to all other cases. Examples include a 
fan-shaped strut and the diagonal compression field in B-regions. 

^Iftjll liUj AllaSh P$ (jJalj 

.B (jlalldl ^ iakua 

The value of Ps in (c) and (e), which are governed by longitudinal 
splitting of the strut, include a correction factor X for lightweight 
concrete. Lightweight concrete has a lower tensile strength and 
higher brittleness, which can reduce the strut strength. 

d^lft 1 ^Ift^ ‘ (e) J (c) P$ 

Jii lui SjS ^LujkU X 
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23.5—Reinforcement crossing bottie-shaped struts 

aUUjJI ^lam - 23.5 

23.5.1 For bottle-shaped struts designed using Ps = 0.75, reinforcement 
to resist transverse tension resulting from spreading of the 
compressive force in the strut shall cross the strut axis. It shall be 
permitted to determine the transverse tension by assuming that the 
compressive force in a bottle- shaped strut spreads at a slope of 2 
parallel to 1 perpendicular to the axis of the strut. 

i ps = 0.75 ** j iliLalfiU 4j>inllj 23.5.1 

1 J jl^ 2 JMUJ 

23.5.2 Reinforcement required in 23.5.1 shall be developed beyond 
the extent of the strut in accordance with 25.4. 

llfij Laj 23.5.1 ‘"'jiy''' ^ 23.5.2 

.25.4 Sjiill 


23.5.3 Distributed reinforcement calculated in accordance with Eq. 
(23.5.3) and crossing the strut axis shall be deemed to satisfy 
23.5.1, iffc'< 40 MPa. 

jja^ jjCj (23.5.3) .^Uaall llsj 23.5.3 

Jliwb fc '< 40 iJl ‘ 23.5.1 ^*4^ 

X-^sina >0.003 (23.5.3) 

bs, 


COMMENTARY 



Fig. R23.4.3-Bottle-shaped strut; (a) cracking of a bottle- shaped 
strut; and (b) strut-and-tie model of a bottle-shaped strut. 

‘ AaIaj (ij ;AaIaj JSbu R23.4.3 " 

.^L^J 'tiajjj (s') J 

R23.5—Reinforcement crossing bottie-shaped struts 

4aUj aUUjJI {JaM — R23.5 

R23.5.1 The reinforcement required by 23.5.1 is related to the 
tensile force in the concrete due to the spreading of the strut. The 
amount of transverse reinforcement can be calculated using the 
strut-and-tie model shown in Fig. R23.4.3(b) where the struts that 
represent the spread of the compressive force act at a slope of 1:2 to 
the axis of the apphed compressive force. Reinforcement placed to 
resist the splitting force restrains crack widths, allows the strut to 
resist more axial force, and permits some redistribution of force. 
Alternatively, for fc' not exceeding 40 MPa, Eq. (23.5.3) can be used 
to select the area of distributed transverse reinforcement. 

jL^I I—luju ^ 23.5.1 ujllxdl in') R23.5.1 

Jabjllj LlxbijVI .1 <-v*. i.lj ubji^ ,4..al£Uh 

jb^l Jlu biLalCjll (J.aaj (R23.4.3 (b 

iaSudal\ iji 2 ll cH 

ija 

40 V fc' ij^\ ^bubib iiilij Qji .dj^l d.Jl&b 

(23.5.3) & JbAjjb 

R23.5.3 Figure R23.5.3 shows two layers of reinforcement crossing 
a cracked strut. This reinforcement will help control cracking in a 
bottle-shaped strut (refer to Fig. R23.4.3) and result in a larger strut 
capacity than if this distributed reinforcement was not included. 
The subscript i in Eq. (23.5.3) is 1 for the vertical and 2 for the 
horizontal bars. Equation (23.5.3) is written in terms of a 
reinforcement ratio rather than a stress to simplify the calculation. 

.^A^ala 4..alftJ O'ji" ^.a cjuiala R23.5.3 R23.5.3 

Js. hU A I.1A Jfr 1 1 in I II 

^iLjiTd) IJA ^ ^ |j| liUj ^ i jJS (R23.4.3 

JjliS ^ 2 j 1 jA (23.5.3) ^ i 

,ubjl^l bj. ..y\ jL^Vl Qa Qa (23.5.3) 
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where Asi is the total area of distributed reinforcement at spacing si 
in the i-th direction of reinforcement crossing a strut at an angle ui 
to the axis of a strut, and bs is the width of the strut. 

JjVI dt^Vl ^ si Asi 

jC jA |)s J ‘ (j^\ ui gjiLjjjl) 


23.5.3.1 Distributed reinforcement required in 23.5.3 shall be 
placed orthogonally at angles ul and u2 to the axis of the strut, or 
in one direction at an angle ul to the axis of the strut. Where the 
reinforcement is placed in only one direction, ul shall be at least 40 
degrees. 

jjc a«IxL) (Ji4u 23.5.3 (A 23.5.3.1 

J^\ Ul j' jja.4 U2 J Ul 

40 (j^ Ul Cx}^ ‘ „*U Ulic ,4..al£jll 

.4ajJ 

23.6 —Strut reinforcement detailing 

23.6 

23.6.1 Compression reinforcement in struts shall be parallel to the 
axis of the strut and enclosed along the length of the strut by closed 
ties in accordance with 23.6.3 or by spirals in accordance with 
23.6.4. 

^ JalxJajVI QjSj 23.6.1 

iMj AJauljj ji 23.6.3 tiij AllLa luljj <Uauil^ Jjla ulC’ 

.63.6.4 


COMMENTARY 

Often, this distributed reinforcement is difficult to place in structures 
such as pile caps. If this reinforcement is not provided, the value of 
Ps given in expression (c) of Table 23.4.3 should be used. 

'j! 

.23.4.3 J (2) 
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Fig. R23.5.3-Reinforeement crossing a strut. 

. R23.5.3 .J^l 

R23.5.3.1 An important example of the application of 23.5.3.1 is 
for a corbel with a shear span-to-depth ratio less than 1.0, for which 
the distributed reinforcement required to satisfy 23.5.1 is usually 
provided in the form of horizontal stirrups crossing the inclined 
compression strut, as shown in Fig. R16.5.1b. 

jSi Ajmu .I u jJ jA 23.5.3.1 R23.5.3.1 

^ 23.5.1 AjjAIxoII ^ t.4 a 1.0 Cy* 

.R16.5.1b Cay’ ^ ‘ ejULS 

R23.6—Strut reinforcement detailing 

^UjJI 23.6 

R23.6.1 Refer to R23.4.1. 

.R23.4.1R23.6.1 
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23.6.2 Compression reinforcement in struts shall be anchored to 
develop fs' at the face of the nodal zone, where fs' is calculated in 
accordance with 23.4.1. 

fs ^ JalxJuVI iIiLalCJ 23.6.2 

.23.4.1 lisj 'fs ^ 

23.6.3 Closed ties enclosing compression reinforcement in struts 
shall satisfy 25.7.2 and this section. 

CjLal£4il ^ ^‘V* j -' 4 aU ..'I 23.6.3 

.j^l I4*j 25.7.2 

Spacing of closed ties, s, along the length of the strut shall not 
exceed the smallest of (a) through (c); 

ija juaS Jjla -4 aU ..'t Vi 23.6.3.1 

. 

(a) Smallest dimension of cross section of strut 

(b) 48db of bar or wire used for closed tie reinforcement 

( c ) 16db of compression reinforcement 

Jajljjll ji ^ 48d|) (*t^) 

laiJill 16db (s) 

23.6.3.2 The first closed tie shall be located not more than 0.5s 
from the face of the nodal zone at each end of a strut. 

jjSxJl 4 aj 0.5s Cfi 4iJi <3^ Jj' 0* 23.6.3.2 

uijia JS 4jc 

23.6.3.3 Closed ties shall be arranged such that every comer and alternate 
longitudinal bar shall have lateral support provided by cross ties or the 
comer of a tie with an included angle of not more than 135 degrees and 
no longitudinal bar shall be farther than 150 mm clear on each side 
along the tie from such a laterally supported bar. 

^4 Jj4j 4^1x.a 11 iajljjll ^ 23.6.3.3 

135 Cfi" ^ 4uAua.4 ^ 4jaj^l 4^lj j\ ^laLa ^ ^41.4 

(j^ ^Jalj ^ 150 0^ ^J-^ 

23.6.4 Spirals enclosing compression reinforcement in struts shall 
satisfy 25.7.3. 

tlil..al£4ll ^ JalxbijVI (j^ (.5^) (2)1 23.6.4 

.25.7.3 


COMMENTARY 


R23.6.3.3 Refer to R25.7.2.3. 

.R.2.7.2.3 R23.6.3.3 
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23.7 —Strength of ties 


iUiOil - 23.7 


23.7.1 Tie reinforcement shall be nonprestressed or prestressed. 

jj Jajljjll 23.7.1 

23.7.2 The nominal tensile strength of a tie, Fnt, shall be calculated 

by: 

( Fnt ^ 23.7.2 

Fnt = Ats fy + Atp(fse + Afp) (23.7.2) 

where (fse + Afp) shall not exceed fpy, and Atp is zero for 
nonprestressed members. 

j-aUxll ^ \jLa Atp J ‘ fpy Vi (fse + Afp) 


23.7.3 In Eq. (23.7.2), it shall be permitted to take Alp equal to 420 
MPa for bonded prestressed reinforcement and 70 MPa for 
unbonded prestressed reinforcement. Higher values of Alp shall be 
permitted if justified by analysis. 

420 -1 Ljj'— Afp JjUL ‘ (23.7.2) J 23.7.3 

70 J 

, Jjl&lllj ^ I jj Afp 4 Uladl 


23.8 —Tie reinforcement detaiiing 

23.8 

23.8.1 The centroidal axis of the tie reinforcement shall coincide 
with the axis of the tie assumed in the strut-and-tie model. 


Lbjll jja -1 5 ^ (>'3% O' 23.8.1 


COMMENTARY 


R23.8 —^Tie reinforcement detaiiing 

R23.8 

R23.8.1 The effective tie width assumed in design, wt, can vary between 
the following limits, depending on the distribution of the tie 
reinforcement: 

ua ‘ OJj^W ‘ jjiall JUill Jjbull (jijft o' 0^ R23.8.1 

..*'1 ijLajfrI 1 ^Ull 

(a) If the bars in the tie are in one layer, the effective tie width can be 
taken as the diameter of the bars in the tie plus twice the cover to the 
surface of the bars, as shown in Fig. R23.2.6b(i). 

(b) A practical upper limit of the tie width can be taken as the width 
corresponding to the width in a hydrostatic nodal zone, calculated as 
wt,max = Fnt/(fcebs), where fee is calculated for the nodal zone in 
accordance with 23.9.2. 

JjIjuII 0^*^ ^ Jjlull ^ tlul£ |j| (i) 

1 ^Uaxll ‘ Jjbull ^ jla^ JUill 

.(i) R23.2.6b jsAll 

4^1ala ^ (jiajjdl (3^Ua.9 JjIjlHI 4^1 j'-^' 0^^ ('r') 

fee jkij I wt,max = Fnt/(fcebs) “ t^^S uj LbjijjAA (^jSc 

.23.9.2 JHisj Sikld 

If the tie width exceeds the value from (a), the tie reinforcement 
should be distributed approximately uniformly over the width and 
thickness of the tie, as shown in Fig. R23.2.6b(ii). 

A i (i) Qa 4..a^I '^1 

.(R23.2.6b (ii J^' ‘ 
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23.8.2 Tie reinforcement shall be anchored by mechanical devices, 
post-tensioning anchorage devices, standard hooks, or straight bar 
development in accordance with 23.8.3. 


.23.8.3 tiij a*, .1.. ‘''y'' ji i "Ija'I cjliUakil 


23.8.3 Tie reinforcement shall be developed in accordance with (a) 
or (b): 


jl ajMlI ..iu ^ 23.8.3 

(a) The difference between the tie force on one side of a node and the 
tie force on the other side shall be developed within the nodal zone. 

(b) At nodal zones anchoring one or more ties, the tie force in each 
direction shall be developed at the point where the centroid of the 
reinforcement in the tie leaves the extended nodal zone. 

Jjbull iji ‘"'y'' {}) 

<1 aU;» 

I Jajljjll ijM j^i ji ijlC’ ^ 

^ ..*U ^ ^ Uatlt jjc al^l ^ JjIjlHI 

.aJloAh AjJ^I A^klall Jjlull 


Configuration of nodal zone 

P, 

Nodal zone bounded by struts, bearing areas, or both 

1.0 

(a) 

Nodal zone anchoring one tie 

0.80 

(b) 

Nodal zone anchoring two or more ties 

0.60 

(c) 


COMMENTARY 

R23.8.2 Anchorage of ties often requires special attention in nodal zones 
of corbels or in nodal zones adjacent to exterior supports of deep beams. 
The reinforcement in a tie should be anchored before it exits the extended 
nodal zone at the point defined by the intersection of the centroid of the bars 
in the tie and the extensions of the outlines of either the strut or the bearing 
area. This length is tanc- In Fig- R23.2.6b, this occurs where the outline 
of the extended nodal zone is crossed by the centroid of the reinforcement 
in the tie. Some of the anchorage may be achieved by extending the 
reinforcement through the nodal zone, as shown in Fig. R23.2.6a(iii) and 
R23.2.6b, and developing it beyond the nodal zone. If the tie is anchored 
using 90-degree hooks, the hooks should be confined within reinforcement 
to avoid cracking along the outside of the hooks in the support region. 


lyi ^ iLdlk ULoiAl Jajljjll ■•''j;*'' La Ql£ R23.8.2 

alaj-n'l diLalfall (jhLial) ^ ji 

LaUl a.lTiaal) ^ oi ‘''jy' 

Lai ^.a^ajjafl Jajla^l dilJjXajj Jjbi^l ^ ^ ^ Lialll 

1 R23.2.6b .(anc laA AUl-^ll ji ^Icall ^ 

alLaUl aJla.all aJ^I atAialal 4.Jajjaill LjJa^l Jjt^ ^ LaJaC laA 

(j.a -'-I' ajXaj ^ .JaUHI ^ (ja 

‘ R23.2.6b j (R23.2.6a (iii Oi^ J* ‘ AikLi 

90 1 ajWLi-v .1 <41.1,1 J 1 alLi^U duu ^ |j| ,^J^I ^ aLl.'ll 

diliUa^l Jjia c <.^111 ^jAuull jUal ^ diliUftkll t 

,^all Aiiala ^ A^jl^l 



In deep beams, hairpin bars spliced with the tie reinforcement can be used 
to anchor the tie forces at exterior supports, provided the beam width is 
large enough to accommodate such bars. 


laajll ^jLauj AJa^j.aII jjdl jL^uu ^li^lul (j^-aj aA^aanJl dj.a£il ^ 

^^i£j Laj Ij^ d^>.a£j| OJ^ djLal^all ^ 

aJA ubuluV 


Figure R23.8.2 shows two ties anchored at a nodal zone. Development is 
required where the centroid of the tie crosses the outline of the extended 
nodal zone. 


ujlia.a ,^J^I ^aUl.. ^ <Lu.all dili^iUfl ^ya 0^1 R23.8.2 J^^l 

,4jlu^^I ^J^I A^klaU 4.uajjxll J^buil ya Jsajt^S Ajalall 


The development length of the tie reinforcement can be reduced through 
hooks, headed bars, mechanieal devices, additional eonfmement, or by 
splicing it with layers of smaller bars. 

ji A^ijll ^LaJaill ji diliUftkll ya jjMOay^S JajjU duj^l Ji_^ 

(jUJa^l ya diUJaj I ^ Ljj jJjjIa ^ ji ^L-aaVI jaadoJl ji aULulLull Sj^SlI 

.jia.flSfl 


623 







































CODE 

23.9 —Strength of nodal zones 

23.9 

23.9.1 The nominal compressive strength of a nodal zone, Fnn, 
shall be calculated by: 

I^3 ■ ^ 1 Fnn‘ <ul3U.uajVI 23.9.1 

Fnn = fceAnz (23.9.1) 

where fee is defined in 23.9.2 or 23.9.3 and Anz is given in 23.9.4 
or 23.9.5. 

.23.9.5 ji 23.9.4 Anz 23.9.3 j' 23.9.2 fee 

23.9.2 The effective compressive strength of concrete at a face of a 
nodal zone, fee, shall be calculated by: 

‘ fee ‘ iJc- <UiaU.JajVI 23.9.2 

fee = 0.85pn fc' (23.9.6) 

where Pn shall be in accordance with Table 23.9.2. 

.23.9.2 llsj Pn O' 

Table 23.9.2—^Nodal zone coefficient Pn 

Pn-^^' e}.abLd - 23.9.2 


Table 23.9.2—Nodal zone coefficient Pn 


Configuration of nodal zone 

P. 


Nodal zone bounded by struts, bearing areas, or both 

1.0 

(a) 

Nodal zone anchoring one tie 

0.80 

(b) 

Nodal zone anchoring two or more ties 

0.60 

(c) 


23.9.3 If confining reinforcement is provided within the nodal zone 
and its effect is documented by tests and analyses, it shall be permitted to 
use an increased value of fee when calculating Fnn- 

'j) 23.9.3 

.[Tim ^£’ ^ 

23.9.4 The area of each face of a nodal zone, Anz= shall be taken as the 
smaller of (a) and (b); 

j (i) j^L^i i Anz Aliala 23.9.4 

:(-) 

(a) Area of the face of the nodal zone perpendicular to the line of 
action of Fus 

(b) Area of a section through the nodal zone perpendicular to the line 
of action of the resultant force on the section 

Fus ..laUl. (i) 


COMMENTARY 

R23.9—Strength of nodal zones 

23.9 


R23.9.2 The nodes in two-dimensional models can be classified as 
shown in Fig. R23.2.6c. The effective compressive strength of the 
nodal zone is given by Eq. (23.9.2) where the value for Pn is given in 
Table 23.9.2. 

^ JhuSb ^Uj ^jLalb ‘ a^.^* C^-*i R23.9.2 

(Fq. (23.9.2 'douiljj ^aU:.." laLiib ajs ^Uacl ^ .R23.2.6c 

.23.9.2 Jj-iadl ^ pn jjj 

Lower Pn values reflect the increasing degree of disruption of the 
nodal zones due to the incompatibility of tensile strains in the ties 
and compressive strains in the struts. The stress on any face of the 
nodal zone or on any section through the nodal zone should not 
exceed the value given by Eq. (23.9.2). 

•<* ^ (j-a dJjljlAil pn Lu^l 

JjtAjj Vi ,Cjl..al£Jb fji AJacLaall JUilVI J lajljjll ^ JlxijVI 

<Lu^l ^ya ^laLa jl ji aJAxll A.^j ^Ic, iaSuSal\ 

.(Eq. (23.9.2 SUaxAll 


R23.9.4 If the stresses in all the struts meeting at a node are equal, a 
hydrostatic nodal zone can be used. The faces of such a nodal zone are 
perpendicular to the axes of the struts, and the widths of the faces of the 
nodal zone are proportional to the forces in the struts. 

1 AjjU.i.a ^ 1^' diLalf^l JajxJill tlulS |j| R23.9.4 

^ aXaUl. UJ^ * - "jj A^lala 

^ ^ A^Ul. A^laldl JLj'.^ 

,CjLal£iII 

Stresses on nodal faces that are perpendicular to the axes of stmts and ties 
are principal stresses, and 23.9.4(a) is used. 

Jaaljjbj diLalfijll ^jA CjUajxJib 

.(') 23.9.4 * ■ "JJ iA.uji.uj 1) Jajiuiill 
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COMMENTARY 

If, as shown in Fig. R23.2.6b(ii), the face of a nodal zone is not 
perpendicular to the axis of the strut, there will be both shear stresses 
and normal stresses on the face of the nodal zone. Typically, these 
stresses are replaced by the normal (principal compressive) stress 
acting on the cross-sectional area, Anz, of the strut, taken 
perpendicular to the axis of the strut as given in 23.9.4(a). 

^.1^1 dt aU‘ A\ i (R23,2.6b (ii ^ 0^ dJl 

A^j ijlC' Ajxj^ Au j lilUA 

iauia'l bi »AA JIJjIuI ^ 

.(') 23.9.4 j* '..S CilftjJl 

23.9.5 In a three-dimensional strut-and-tie model, the area of each 
face of a nodal zone shall be at least that given in 23.9.4, and the 
shape of each face of the nodal zone shall be similar to the shape of 
the projection of the end of the strut onto the corresponding face of 
the nodal zone. 


Jajjll JbuSfl 23.9.5 

^LaIa d.^^1 ^ i 23.9.4 (j^ dJixIl A^klal 

AiialAU JjHaII A^^I LUmjI JLu 
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CHAPTER 24—SERVICEABILITY REQUIREMENTS 

<Uj^I aUIam - 24 ^aUl 

24.1— Scope 

24.1 

24.1.1 This chapter shall apply to member design for minimum 
serviceability, including (a) through (d): 

^ .^1 u^C- IJA (j.Ja.u 24.1.1 

;(j) lillj ^ Lu i 

(a) Deflections due to service-level gravity loads (24.2) 

(b) Distribution of flexural reinforcement in one-way slabs and 
beams to control cracking (24.3). 

(c )Shrinkage and temperature reinforcement (24.4) 

(d) Permissible stresses in prestressed flexural members (24.5) 

^24.2) JLa^I ClA^y^ (i 

ijiC’ iiU cj|j.9£hj ^ (u 

. ■(24-3') 

(24.4) *jl(jiLaSjVl (j 

(24.5) AIjLji ^ LjkJih (j 

24.2— Deflections due to service-level gravity loads 

<U^I ^ JUftiSI >^tortil kiiltl^l - 24.2 

24.2.1Members subjected to flexure shall be designed with 
adequate stiffness to limit deflections or deformations that 
adversely affect strength or serviceability of a structure. 

^ <LikS ^ ijjJayili fUa&Sh ^ . 24.2.1 

■ ji SjS Liu jj jj ji 


COMMENTARY 


R24—SERVICEABILITY REQUIREMENTS 


R24.1—Scope 


R24 

Jb-.11 R24.1 


This chapter prescribes serviceability requirements that are 
referenced by other chapters of the Code, or are otherwise applicable 
to provide adequate performance of structural members. This chapter 
does not stand on its own as a complete and cohesive compilation of 
serviceability requirements for the design of sfructural members. 

ija jLLdI ‘ULli ilibllala ^jlC’ J-^»" IJA 

ciL V ll uiuLla ^bi 411 j jj ^ Jj£ll 

^bla&SlI L..bll tliUUal.! iiLjiLu.aj J.al£ J-alll IIa 


R24.2—Deflections due to service-level gravity loads 

^^1 iUri^Ull JUfti - R24.2 

This section is concerned only with deflections or deformations that 
may occur at service load levels. When time- dependent deflections 
are calculated, only the dead load and those portions of other loads 
that are sustained need be considered. 

uLui^ Jlc ,^lkll J;Cjbjlui.. Jlc tlibla^ ^ ■ nl'l IJA 

JI...^VI ^Ij^lj ‘"'j-'" J..^! al£lj.a .A.ux.dl 

,la^ ^LujIwmII 

Two methods are given in the Code for controlling deflections 
(Sabnis et al. 1974). For nonprestressed one-way slabs and beams, 
including composite members, the minimum overall thickness 
required by 7.3.1 and 9.3.1 is considered to satisfy the 
requirements of the Code for members not supporting or attached 
to nonstructural elements likely to be damaged by large deflections. 
For nonprestressed two-way construction, the minimum thickness 
required by 8.3.1 is considered to satisfy the requirements of the 
Code. 

.(Sabnis et al. 1974) bib>5411 ^ j.Sa41l (^>li J-hj 

1 4.^j..ll 4llj ^ Laj 1 ^jaC 3j.4£lljibiUa5bll 

Jj£ll tlibllalu 9.3.1 J 7.3.1 ujUsaII i5.i iiU ^jSII 4^1 j41*j 

l415j -'ll lyi iLil%A jac >.dUc ^jiC’ ji (j>^jj V 

4^1 i4l^.^VI 4 aj. I..- jjC 4 J| Iii'lj ,Cjb>541l J^.^ 

8.3.1 4ja.jjl> lilAAiill ^4V1 
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24.2.2 Deflections calculated in accordance with 24.2.3 through 
24.2.5 shall not exceed the limits in Table 24.2.2. 

jjJaJl 24.2.5 (j^\ 24.2.3 Vi 24.2.2 

.24.2.2 JjJadl J SJjIjII 


COMMENTARY 

For nonprestressed members that do not meet these minimum 
thickness requirements, for nonprestressed one-way members that 
support or are attached to nonstructural elements likely to be 
damaged by large deflections, and for prestressed flexural members, 
deflections are required to be calculated by 24.2.3 through 24.2.5. 
Calculated deflec- tions are limited to the values in Table 24.2.2. 

ai nU .'•il l'll*.' fjjSjiiiju V ^^l.j3&bU 4 u in'b 

A u inlljj CjlAjilnll '^i;. jjiJajj ^i Jn’i-v n't ^ 

ji^’i^'i ,24.2.5 24.2.3 4jiinj uLui^ ^U^VI 

.24.2.2 >A jljll ^1^1 fjiC' Ajj^ji^^\ 

R24.2.2 It should be noted that the limitations given in Table 
24.2.2 relate only to supported or attached nonstruc- tural elements. 
For those structures in which structural members are likely to be 
affected by deflection or defor- mation of members to which they 
are attached in such a manner as to affect adversely the strength of 
the structure, these deflections and the resulting forces should be 
considered explicitly in the analysis and design of the structures as 
required by 24.2.1 (ACl 209R-92). 

Lia jlxu 24.2.2 Jj-iaJl »Jjljll JjjSH o' u^\ > jl-^V' R24.2.2 

jjLjj o' 0*^ 4Jl iilllj jI 

blu 4.Lji3j 1.5^' 4^J.'^ ji LiljaJb 4 j'<j^ 'I 

JjfaJi ^ 4^U1| ^ i ^IC’ 

.(ACl 209R-92) 24.2.1 (J jabll ^ 

When time-dependent deflections are calculated, the portion of the 
deflection before attachment of the nonstructural elements may be 
deducted. In making this correction, use may be made of the curve in 
Fig. R24.2.4.1 for members of usual sizes and shapes. 

lajj LiljaJV' »i^4. O^-u iCjajll ijlC' CjliljaJVt 4jc 

^ -I <41, „l O^-u i^j-^i^'i" IJA j^Uidl 

.SjUiuJI JliOVt J cj'j (^UaftiU R24.2.4.1 
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24.2.3.6 For continuous one-way slabs and beams, le shall be 
permitted to be taken as the average of values obtained from Eq. 
(24.2.3.5a) for the critical positive and negative moment sections. 

jkjj i3j.uui.dl 3j.>£llj 4jiin'lj 24.2.3.6 

^jaJI (a24.2.3.5) ^ JaujlaS 

24.2.3.7 For prismatic one-way slabs and beams, L shall be 
permitted to be taken as the value obtained from Eq. (24.2.3.5a) at 
midspan for simple and continuous spans, and at the support for 
cantilevers. 


(2)1 1^1 jll Cj|j 4^j4nn') 3j.>^lj 4jiin'lj 24.2.3.7 

1 iuilij ^ (a24.2.3.5) ^ ^ iLa^l 

i3j.alui.aj AJuuu ililjjS ^jlC’ ^Lui.all 


24.2.3.8 For prestressed Class U slabs and beams as defined in 
24.5.2, it shall be permitted to calculate deflections based on Ig. 

^ ^ LaS A^auia |J lUill j.a 3jalll j A-ua-UL 24.2.3.8. 

Ig iiilAja^l uLui^ ^ 1.1^ 1 24.5.2 


24.2.3.9 For prestressed Class T and Class C slabs and beams as 
defined in 24.5.2, deflection calculations shall be based on a 
cracked transformed section analysis. It shall be permitted to base 
deflection calculations on a bilinear moment-deflection 
relationship or le in accordance with Eq. (24.2.3.5a), where Mcr is 
calculated as: 


^ l^^jjau ^ LaS ( C ^ j X ililjA^j CjUa^t^ 4j.iiillj ,24.2.3.9 

.JjauA CjlAj..^l Ajluu ‘ 24.5.2 

,^jU.u j\ ji CjlAj^ ijlC' CjbLui^ ^Uuu (2)^ 

jaull ijk- Mcr uiLui^ juj i (a24.2.3.5) 




(24.2.3.9) 


COMMENTARY 


R24.2.3.7 The use of the midspan section properties for continuous 
prismatic members is considered satisfactory in approximate 
calculations primarily because the midspan stiffness (including the 
effect of cracking) has the dominant effect on deflections, as shown 
by ACI 435.5R, ACI Committee 435 (1978), and Sabnis et al. 
(1974). 

3j.uuull ^jjinb't jAdUxU Jauij (joibd^ .,1 juju A 3.24-24 

3ibuAll ‘ 3^bu^ LuiLuli lillj ^J^J ‘ blbbji^l ^ buajA 

^ ^uajA jA LaS ( CjIAj^aaII juLj iiUj ^ bu^ 

Sabnis et al. (1974 j ‘ (ACI 435 (1978 ^ ‘ ACI 435.5R 

R24.2.3.8 Immediate deflections of Class U prestressed concrete 
members may be calculated by the usual methods or formulas for 
elastic deflections using the moment of inertia of the gross 
(uncracked) concrete section and the modulus of elasticity for 
concrete specified in 19.2.2.1. 

(jA a^uaa ^bujbll jA^Uxl ^jjill bilAj.4AiiH ubu^ ).24-3-3-2 

^ jjt^bl .1 <4*. Ill J 4 uja 1| i-il .^'a'U 3jlja.All ji ^jklb U 4blll 

^ ^bujbll ^jjaII JaIxaj (^jjbuAll j^) ^La^VI ^bjjj^l ^IsIaII 

1-2-2-19 

R24.2.3.9 Class C and Class T prestressed flexural members are 
defined in 24.5.2. The PCI Design Handbook (PCI MNL 120) gives 
information on deflection calculations using a bilinear moment- 
deflection relationship and using an effective moment of inertia. 
Mast (1998) gives additional information on deflection of cracked 
prestressed concrete members. Shaikh and Branson (1970) shows 
that the le method can be used to calculate deflections of Class C 
and Class T prestressed members loaded above the cracking load. 
For this case, the cracking moment should take into account the 
effect of prestress as provided in Eq. (24.2.3.9). A method for 
predicting the effect of nonprestressed tension reinforcement in 
reducing creep camber is also given in Shaikh and Branson (1970), 
with approximate forms given in ACI 209R and Branson (1970). 

biUI ^ X ^brtftij C billl ^ 24‘24‘3‘9 4!^^ 

3j^l cjbbA^ ijjUjkA (PCI (PCI MNL 120 .24.5.2 

biuiba ,^1^1 jjAdbl 421x3 Jbixlulj ^jxi ^l4xlub 

4 ai. .,..'1 42 LujxJI 3j.k^ Ubdl bibajlxA (1998) 

J C biill ^bb&i 3j.t^ uLuxf Ig 4bij!a -I <4*. Ill ^^)£.aj 421 (1970) 

1^1x21 .(jldn't ^jj3 ^Ia-^a.1) Ua^aa ClaSS T 

.JjbkAll Ijk 4a1c u^jaoIa jA baS ^jaaaaII J^b jIaacVI i''ilaa.ti*'l 

Jbb ^ (JA4AA j^ .1^1 ^aLaj j^bj jaIUI ^^Ajla 2112 a .(24.2.3.9) 

ACI 209R sJjljll JlibSll jA 1 (1970) Li^jll 

.(Branson (1970 j 


628 











CODE 

24.2.4 Calculation of time-dependent deflections 

24.2.4.1 Nonprestressed members 

24.2.4.1.1 Unless obtained from a more comprehensive analysis, 
additional time-dependent deflection resulting from creep and 
shrinkage of flexural members shall be calculated as the product 
of the immediate deflection caused by sustained load and the 
factor Xs 


cjLajmiMI ujI * It'S 24.2.4 

^ ‘" j^li^24.2.4.1 

Ujl * It'S ^ ^ U! 24.2.4.1.1 

^U£ pLua&i 0^ ij^ laiiau 

J.4^1 SjnnU 


X 


a 


H-50p' 


(24.2.4.1.1) 


24.2.4.1.2 In Eq. (24.2.4.1.1), p' shall be calculated at midspan for 
simple and continuous spans, and at the support for cantilevers. 

t i. walU ^ at at ‘(24.2.4.1.1) ^ 24.2.4.1.2 


24.2.4.1.3 In Eq. (24.2.4.1.1), values of the time-dependent factor 
for sustained loads, shall be in accordance with Table 
24.2.4.1.3. 

^ iujudl ^ ‘(24.2.4.1.1) .3Jjlx4ll ^ 24.2.4.1.3 

.24.2.4.1.3 ‘ ^ JL4&5U 


Table 24.2.4.1.3—Time-dependent factor for 
sustained loads 


Sustained load duration, months 

Time-dependent factor 4 

3 

1.0 

6 

1.2 

12 

1.4 

60 or more 

2.0 


COMMENTARY 


R24.2.4 Calculation of time-dependent deflections 
R24.2.4.1 Nonprestressed members —Shrinkage and creep cause 
time-dependent deflections in addition to the elastic deflections that 
occur when loads are first placed on the structure. Such deflections 
are influenced by temperature, humidity, curing conditions, age at 
time of loading, amount of compression reinforcement, and 
magnitude of the sustained load. The expression given in this 
section is considered satisfactory for use with the Code procedures 
for the calculation of immediate deflections, and with the limits 
given in Table 24.2.2. The deflection calculated in accordance with 
this section is the additional time-dependent deflection due to the 
dead load and those portions of other loads that will be sustained 
for a sufficient period to cause significant time-dependent 
deflections. Equation (24.2.4.1.1) was developed in Branson 
(1971). In Eq. (24.2.4.1.1), the term (1 -I- 50p') accounts for the 
effect of compression reinforcement in reducing time-dependent 
deflections. ^ = 2.0 represents a nominal time-dependent factor for 
a 5-year duration of loading. The curve in Eig. R24.2.4.1 may be 
used to estimate values of ^ for loading periods less than 5 years. If 
it is desired to consider creep and shrinkage separately, 
approximate equations provided in Branson (1965, 1971, 1977) and 
ACI Committee 435 (1966) may be used. Because available data on 
time-dependent deflections of two-way slabs are too limited to 
justify more elaborate procedures, calculation of the additional 
time-dependent deflection for two-way construction in accordance 
with Eq. (24.2.4.1.1) is required to use the multipliers given in 
24.2.4.1.3. 


dAdjJLAll CjlAj)nn\l R24.2.4 

tliljbujl fjS ^ R24.2.4.1 

tliSjj -‘‘■^'1* -'I uijjlaj " 

I.1A ^ J.9^1 ‘ "* ‘ 

jA ISaj j^\ .24.2.2 

‘li-Ld) J.9^1 ‘-mji.i Ijlc- XuxaII ^LJayi 

ult Xuaj -'j ■" 

‘(24.2.4.1.1) J.(1971) J (24.2.4.1.1) 

3A.aja.4ll JalijjajVI ^jIuj (' p50 + 1) 

^^^jA^all ,dj4&jil ^ 5 ^AaI IjIjj lA4ja.4 JLaj ^ = 2.0 

5 ^ Jii dju&jll till jjaI ^ ^ R24.2.4.1 (j£.4j ^ 

i (jA jiflail jA (fS 

(1977 ‘ 1971 ‘ 1965) Ji ^AAall Ajjjj^I ‘liVAla.411 ^IAaJIuI 

^ aiArtj CjULJI ijiaj,(ACI 435 (1966 


(_^ljjj 0;*' ^LjLa ijA tlAjll ijiC’ A4ja.4ll ^LjaVI 

.24.2.4.1.3 iJ »Jjljll ibiic.ll:a4ll jalAabjjV iJjlka (24.2.4.1.1) .Jjl*4ll 
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24.2.4.2 Prestressed members 

24.2.4.2.1 Additional time-dependent deflection of prestressed 
concrete members shall be calculated considering stresses in 
concrete and reinforcement under sustained load, and the effects 
of creep and shrinkage of concrete and relaxation of prestressed 
reinforcement 

24.2.4.2 

j*aU»l 24.2.4.2.1 

^ j J.9^1 

^ui\n 


COMMENTARY 



Fig. R24.2.4.I—Multipliers for time-dependent deflections. 

R24.2.4.2 Prestressed members 

R24.2.4.2.1 Calculation of time-dependent deflections of 
prestressed concrete flexural members is challenging. The 
calculations should consider not only the increased deflections due 
to flexural stresses, but also the additional timedependent 
deflections resulting from time-dependent shortening of the flexural 
member. Prestressed concrete members shorten more with time 
than similar nonprestressed members due to the precompression in 
the slab or beam, which causes creep. This creep, together with 
concrete shrinkage, results in significant shortening of the flexural 
members that continues for several years after construction and 
should be considered in design. The shortening tends to reduce the 
tension in the prestressed reinforcement, reducing the 
precompression in the member and thereby causing increased time- 
dependent deflections. Another factor that can influence time- 
dependent deflections of prestressed flexural members is adjacent 
concrete or masonry that is nonprestressed in the direction of the 
prestressed member. This can be a slab nonprestressed in the beam 
direction adjacent to a prestressed beam or a nonprestressed slab 
system. As the prestressed member tends to shrink and creep more 
than the adjacent nonprestressed concrete, the structure will tend to 
reach a compatibility of the shortening effects. This results in a 
reduction of the precompression in the prestressed member as the 
adjacent concrete absorbs the compression. This reduction in 
precompression of the prestressed member can occur over a period 
of years and will result in additional time-dependent deflections and 
an increase in tensile stresses in the prestressed member. Any 
suitable method for calculating time-dependent deflections of 
prestressed members may be used, provided all effects are 
considered. Guidance may be found in ACl 209R, ACI Committee 
435 (1963), Branson et al. (1970), and Ghali and Favre (1986). 
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24.2.5 Calculation of deflections of composite concrete 
construction 

24.2.5.1 If composite concrete flexural members are shored 
during construction so that, after removal of temporary supports, 
the dead load is resisted by the full composite section, it shall be 
permitted to consider the composite member equivalent to a 
monolithically cast member for calculation of deflections. 

‘ ‘ 24.2.5 

^ 24.2.5.1 

uUji^ bjHa jiJaxl JjbLoh ^ 0^ ‘J.al.^1 

Cilil jaJVI 

24.2.5.2 If composite concrete flexural members are not shored 
during construction, the magnitude and duration of load before 
and after composite action becomes effective shall be considered 
in calculating time-dependent deflections. 

»*;■ ^Ujj |j! 24.2.5.2. 

SAajxaII 

24.2.5.3 Deflections resulting from differential shrinkage of 
precast and cast-in-place components, and of axial creep effects in 
prestressed members, shall be considered. 

^LaijVl jL^Vl ^ 0*^ 24.2.5.3. 


COMMENTARY 

jL^VI ^Lidl R24.2.4.2 

ulc- Saa^xaII cjlJtj.^1 ljLua 1-'2"'4-2''24 

CjIAjmuII .Ux«^ Ija! jL^VI 

Ulaj A^LuaVl Jj ^bL^Vl '.*;■■■; SAjIjIaII 

4^jmiaI 1 pLiafrl Aajaj ^aII j»^c> jL^2^1 (j^ 

^ ^ja 4 aaI 1 JaULiajVl fUafr) qa jjja ^ 

(jmLa^I ^ uil^ IaA .ci^j ufAj ^aIIj ( ji 

fUJl Axj dAxI jaIwu ^ (^\ 

JIL Laa ( ^ a«aI1 ^ 

JaIp Aajxj I^IjIa ‘ (^^Wj .,^.^3x11 ^ JaLJall 

jl^Vl ^i^f4AAll fU^Vl j.>^UxI aaasu CjbtjMU jjjj (2)1 

dl^l ^ jjL^aII fUJl jl jjI^aII «.1ua«aV1 jA 

A^jmia djA^l ajjI^aII djA^l dl^l ^ ^La ^ lAA (2}J% (2)1 (2)^^ 

jj^\ L.&^jllj jL^VI ^3^'^ ^^Jaxll LaA 1& .4Ja^Ul jj Jl^.^Vl 

ijjl^Ij^ ^1 Jj^,>ll ^1 (J^ cJ%^l SjjL^aII j^l (2 >a 

^Lyuj^l (2 jS 1 JL^VI ^1-^ jA^axl ^^^.aaII iaxJall ^ liUj 

^La j*^axl ^^jauaII iaxJall ^ (j^li^Vl lAI^ ^jA& .JaxJall (j^Iaj djjl^All 

AaAXJ iIjIAJa^I (2>A AjjA ^1 «Aj1,^^1iA (2)A dJAfi jI^.&Y1 

A^mHa ^IAxIaI (2>^ .Jl^Vl (3fwA j.nfr ^ Aa^I ia ^ 

jl^l iJl^Vl ^I^aaaaII jA^Uxli ^j.^1 SAaIIxaII iAjIAjm^HI uLa^ 

ACI435 ^ ‘ ACI209R J ^bLijV» ^ ^ J 

)...1986) J^j ‘Branson et al. (1970) ‘(1963) 

R24.2.5 Calculation of deflections of composite concrete 
construction —Composite concrete members are designed to meet 
the horizontal shear strength requirements of 16.4. Because few tests 
have been made to study the immediate and time-dependent 
deflections of composite members, the requirements given in this 
section are based on the judgment of ACI Committee 318 and on 
experience. In 22.3.3.3, it is stated that distinction need not be made 
between shored and unshored members. This refers to strength 
calculations, not to deflections. Construction documents should 
indicate whether composite concrete design is based on shored or 
unshored construction, as required by 26.11.1.1. 

^Laj^I ^LJa&i ^ ^ . 4^jaI1 ^Laj^I ^Uj CjIAja^ R24.2.5 

Cdljb^Vl (2 h 0^ .16.4 (.5^Vl (j^^l dji 4^ja11 

(A^^)aI 1 ^^Uxli S^^^aIiaaIIj iAjIAja^I ^.miIjAI iJtjlj^l ^ 

‘ 22‘3‘3‘3 (/ .aj^^l ACI 318 ^ i^\ ^^aLdl Iaa ^ SjjI^I 

4d.^l diLLtaU^ ^1 IAA .(J^&JA J^J AjA^ fLJa&l (2)^ jjaaHI V ^1 (Jt^ 

''■ (2}1£ 1j1 La ^1 ^Awoll (2)‘1 .CjIAjmiIII ^1 (ja^j 

AI^I ^ CAjIiaA jk LaS jl (J^X^)a 11 f-U^l Aajaj 4^ja11 

.26.11.1.1 
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24.3—Distribution of fiexurai reinforcement in oneway 
siabs and beams 

24.3.1 Bonded reinforcement shall be distributed to control 
flexural cracking in tension zones of nonprestressed and Class C 
prestressed slabs and beams reinforced for flexure in one direction 
only. 


iuU jUaiiUJ ei*Liiill - 24.3. 

^ jj- ijlC' tjIujjiU 24.3.1 

.la^ Cy> 


COMMENTARY 


R24.3—Distribution of fiexurai reinforcement in one-way 
siabs and beams 

R24.3.1 Where service loads result in high stresses in the 
reinforcement, visible cracks should be expected, and steps should 
be taken in detailing of the reinforcement to control cracking. For 
reasons of durability and appearance, many fine cracks are 
preferable to a few wide cracks. Detailing practices limiting bar 
spacing will usually lead to adequate crack control where Grade 420 
reinforcement is used. Extensive laboratory work (Gergely and Lutz 
1968; Kaar 1966; Base et al. 1966) involving deformed bars 
demonstrated that crack width at service loads is proportional to 
reinforcement stress. The significant variables reflecting 
reinforcement detailing were found to be thickness of concrete cover 
and the spacing of reinforcement. Crack width is inherently subject 
to wide scatter even in careful laboratory work and is influenced by 
shrinkage and other time-dependent effects. Improved crack control 
is obtained where the reinforcement is well distributed over the zone 
of maximum concrete tension. Several bars at moderate spacing are 
much more effective in controlling cracking than one or two larger 
bars of equivalent area. 


JAlj oUil <iia^ - 824.3 


jJLUj t ^ JLa^i kaAjcR24.3.1 

^ ^ i .-.I aa.t,- 

jAAaSi ^ ,-,l aa,t,-U ^ JjJxll uLuSlj 

^CjLjjjLA.4ll (2)1 .^blajjadl ^jaaxj Qji 

J2j, 420 .1 <4*.Ill ^ ^ 

JWj ■ 1966 G968 JjjIj Jjjja-all JUcSh biuji 

^ 4«ai^l Jl.4^1 ^ j* J ‘ ^1966 '• 

..-U Jj. >al a- ibljjkLail ^ 

A4*jjlaj (jliin') ^Luaahj fUaC 

bitjabjj 

^Jjj ^ ..■y- fij ijiC' a±a;la..4ll 

ijA JjJjlII ija uj^^\ JaJi Allala ^aLauII 

(jjjj) ji ijA ijlC’ ajlij, ,i'l ^ j^j ^UauII Jjc 

.aK att ^LaaaII J^VI ^jL^aalll 
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24.3.2 Spacing of bonded reinforcement closest to the tension 
face shaU not exceed the limits in Table 24.3.2, where Cc is the 
least distance from surface of deformed or prestressed 
reinforcement to the tension face. Calculated stress in deformed 
reinforcement, fs, and calculated change in stress in bonded 
prestressed reinforcement, Afps, shall be in accordance with 
24.3.2.1 and 24.3.2.2, respectively. 

lajljlall ‘24.3.2 
JtJajji tyi 4iLui.a Jai cC UJ^ ‘24.3.2 
^ AaiJ u^\ 

( IsjIjIaII ^ ^ ‘ fs 

. Jljai 24.3.2.2 j 24.3.2.1 J lisj ‘ Afps 


Table 24.4.3.2—Minimum ratios of deformed 
shrinkage and temperature reinforcement area to 
gross concrete area 


Reinforcement 

type 

Z^.VIPa 

Minimum reinforcement ratio 

Deformed bars 

<420 

0.0020 

Deformed bars 

or welded wire 

reinforcement 

>420 

Greater 

of: 

0.0018x420 

fy 

0.0014 


24.3.2.1 Stress fs in deformed reinforcement closest to the tension 
face at service loads shall be calculated based on the unfactored 
moment, or it shall be permitted to take fs as {2l3}fy. 

^ lA ul\ ujiSlI ^ 24.3.2.1 

fy ( 3 / 3 ) fs jlAib I 4 I j\ I 4 .kL> j»jft (jjiLjii Ijk- 


COMMENTARY 

R24.3.2 The spacing of reinforcement is limited to control cracking 
(Beeby 1979; Frosch 1999; ACI Committee 318 1999). For the case 
of beams with Grade 420 reinforcement and 2 in. clear cover to the 
primary reinforcement, with fs = 280 MPa, the maximum bar 
spacing is 250 mm. Crack widths in structures are highly variable. 
The Code provisions for spacing are intended to limit surface cracks 
to a width that is generally acceptable in practice but may vary 
widely in a given structure. The role of cracks in the corrosion of 
reinforcement is controversial. Research (Darwin et al. 1985; 
Oesterle 1997) shows that corrosion is not clearly correlated with 
surface crack widths in the range normally found with reinforcement 
stresses at service load levels. For this reason, the Code does not 
differentiate between interior and exterior exposures. Only tension 
reinforcement nearest the tension face need be considered in 
selecting the value of Cc used in calculating spacing requirements. To 
account for prestressed reinforcement, such as strand, having bond 
characteristics less effective than deformed reinforcement, a two- 
thirds effectiveness factor is used in Table 24.3.2.For post-tensioned 
members designed as cracked members, it will usually be 
advantageous to provide crack control by the use of deformed 
reinforcement, for which the provisions in Table 24.3.2 for 
deformed bars or wires may be used. Bonded reinforcement required 
by other provisions of the Code may also be used as crack control 
reinforcement 

Frosch sBeeby 1979) ^k- yj SiLuiall j-aSij 2-3-24 

jjjs ^ .(ACI Committee 318 1999 ^1999 

■laJl ‘ fs = 280 MPa (lUae 2 j 420 

,9 J;!*^ jfr.mm 250 ^ UHsill A. 21 .ui.a 1 

„'l ■■'ll y ^LuiaIIj ‘U.dLkll 

y (jjlAl) jj « .. 4^ y 1 ‘ ‘Ulaxll y L4^^.aC 

jA(Oesterle 1997 ^1985 uiJj'-^) Jsb 

y y j*j lA.4alj UaUjjl lujJ V 

^ ,4.44^1 CjIjjImm ik ^ d4l£ 

4 AII 4^j y ia^ jl^l yj 

ysMS iljUllald y 4.. ....U 4 . 4 ^ 

^4^411 y Jii 4 jaj|jl 4 (j^'l (2)1 Jla 

4 AII 4xj A.byi.'lb ,24.3.2 y ^514 . <4.*. ..j 

y. ^y -S-v*))) d4l& Jakall (2)^ ^ 4 a a, t.- ^ p.l. ^f-1 < ^44^.all^ 

y 94 jljll ^l 4 a 4 ul ijSm yi\j ‘t 2 ljA‘’" gjiLjlll) ^l 4 a 4 ul /JJjSa 

(^^1 *) ‘4-,..) (2)^^ , 4J^^la«all ^1 j,)..aU ^4.3.2 

(jtdn'l y ( 2 )jil^l Cy' 4 ab" 
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24.3.2.2 Change in stress, A/ps, in bonded prestressed 
reinforcement at service loads shall be equal to the calculated 
stress based on a cracked section analysis minus the 
decompression stress fdc. It shall be permitted to take fdc equal to 
the effective stress in the prestressed reinforcement fse. The value 
of Afps shall not exceed 250 MPa. If Afps does not exceed 140 
MPa, the spacing limits in Table 24.3.2 need not be satisfied. 

i In'tj i Jaj|jlall in')) ^ .24/3/2/2 

ijlC' ‘.'J- ^ ■^*'1' ^jLju ^.1^1 JLa^i ^ 

fse (A fdc ( 2)1 .fdc (_)«aaU 

^ IjI .JLLyjLU^ Afps 250 

9l£lj.a ^ ^ ‘ Afps 140 

24.3.2 

24.3.3 If there is only one bonded bar, pretensioned strand, or 
bonded tendon nearest to the extreme tension face, the width of 
the extreme tension face shall not exceed s determined in 
accordance with Table 24.3.2. 

ujaII aAII jI ( i5mi 1 flMl ji daifi t iilUA 24.3.3. 

24.3.2 

24.3.4 If flanges of T-beams are in tension, part of the bonded 
flexural tension reinforcement shall be distributed over an 
effective flange width as defined in accordance with 6.3.2, but not 
wider than fn/lO. If the effective flange width exceeds tnl\{S, 
additional bonded longitudinal reinforcement shall be provided in 
the outer portions of the flange. 

aAII ( aA ^ JajjjA ciul£ IjI 24.3.4. 

.fn / 10 u-> ‘ 6.3.2''^j j* ''4A u^jc- u^c- 

jAjj ‘ (n /10 jc Ij) 

.AilaJl ^ jlAJl f. 1 j^Sll 


24.3.5 The spacing of bonded flexural reinforcement in 
nonprestressed and Class C prestressed one-way slabs and beams 
subject to fatigue, designed to be watertight, or exposed to 
corrosive environments, shall be selected based on investigations 
and precautions specific to those conditions and shall not exceed 
the hmits of 24.3.2. 

jLuil ^ 5-3-24 

^A.a.ua.allj 4 ^j3LaII C dl^VI 

^UdjXA ji i ^juLa 

.24.3 ^ 


COMMENTARY 

R24.3.2.2 It is conservative to take the decompression stress fdc 
equal to fse, the effective stress in the prestressed reinforcement. The 
maximum limitation of 250 MPa for Afps is intended to be similar to 
the maximum allowable stress in Grade 420 reinforcement (fs = 280 
MPa). The exemption for members with Afps less than 140 MPa 
reflects that many structures designed by working stress methods 
and with low reinforcement stress served their intended functions 
with very limited flexural cracking. 

‘ fse J fdc JaiAall JaiAa jAb AjaflL^LAl) jjaSII (Ja 2-2-3-24 
(jA JlLub liuA 250 jIaLaI (Jaulu "''I ^ Jbilll 

Gradec^b" ^Ja*aa 11 Aail I ^-j Uaa Q_jSj Aj . l A aAj Afps 

J Jli-b 140 JaSri ^U»ll (.UeVl .(fs = 280 MPa) 420 

J4nn') Aiouiljj AktAkaal\ J£U^I ^ JjJxll 

,^lxU JjA^ ftAjAdlAll 


R24.3.4 In T-beams, distribution of the negative moment 
reinforcement for control of cracking should take into account two 
considerations: 1) wide spacing of the reinforcement across the full 
effective width of flange may cause some wide cracks to form in the 
slab near the web; and 2) close spacing near the web leaves the outer 
regions of the flange unprotected. The one-tenth limitation is to 
guard against a spacing that is too wide, with some additional 
reinforcement required to protect the outer portions of the flange. 

^ aj ky yi U jjluull O' ‘ T R24.3.4 

dAl£ll JbLall yayil\ jfi- ^iLkull Acb^l ;0:UjU^I 

i_uj£ ^2 J ‘ AkAll ^5411 JSi nil AaaujxII '-■I aa.t.'U yaxj uuaju 

A^lj A^lj ,Aja^ AiA 0-^ A^jlAll *A\t filjlj AkAll ya ujaIIj 
^La^ ^J5UI ^L4ayi ^aIuaII (jksxj ^ AcUaII 0^ ^La^I jA 

.AiLaJl 0^ A^jlAJl 


R24.3.5 Although a number of studies have been conducted, clear 
experimental evidence is not available regarding the crack width 
beyond which a corrosion danger exists. Exposure tests indicate that 
concrete quality, adequate compaction, and ample concrete cover 
may be of greater importance for corrosion protection than crack 
width at the concrete surface. Provisions related to increased 
concrete cover and durability of reinforcement is covered in 20.6, 
while durability of concrete is covered in 19.3. 

La^ A^dJalj Aajj^^)^ ^aI jiljlj V (CALaIjAII ys AA& 5-3-24 

(2)1 u^\ i_pa jull Cj|jbj^' JrfAj jla^ >Jxj A^ja (^aII (jitAll) ya jxj 

A^^i jA (2)J% ^Uaxllj Jakuallj SAj^I 

AAklAll Ajlaaj ^.^UajAII ^cJsaa (jliIn') yt J^bll yt ^ 

^ ^IaajAII ^Iaa Ajlaxi ^ ‘ 20.6 Ja^aII ^IaaaU fiJax'l SaIajj 

.19.3 
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24.4—Shrinkage and temperature reinforcement 
24.4.1 Reinforcement to resist shrinkage and temperature stresses 
shall be provided in one-way slabs in the direction perpendicular 
to the flexural reinforcement in accordance with 24.4.3 or 24.4.4. 

[Jrilift&jiil gaditlii - 2.24.4 

(_pl..9£jVI iayuia ^jU.91 ,,*'1 Jjjj 1-4-24 

j\ 24.4.3 4 Usj ijlC: ^ 

24.4.4 


24.4.2 If shrinkage and temperature movements are restrained, the 
effects of T shall be considered in accordance with 5.3.6. 

T 24.4.2. 

.5.3.6 J Uaj 


COMMENTARY 

R24.4—Shrinkage and temperature reinforcement 
R24.4.1 Shrinkage and temperature reinforcement is required at 
right angles to the principal reinforcement to minimize cracking and 
to tie the structure together to ensure it is acting as assumed in the 
design. The provisions of this section are intended for structural 
slabs only; they are not intended for slabs-on-ground. 

gifdMiii - R24.4 

„ 1 U 4.Ajli bljJj tjljaJI ^L4£jVI ujlia.a 1-4-24 

^ jA l-oS Cy* 1x4 lajjj (j4 J 4 II 4 II 

i.. i-uin' ‘JaAS ^5411 IJA ^l£xi ^ 

U^jSh 

R24.4.2 The area of shrinkage and temperature reinforcement 
required by 24.4.3.2 has been satisfactory where shrinkage and 
temperature movements are permitted to occur. Where structural 
walls or columns provide significant restraint to shrinkage and 
temperature movements, the restraint of volume changes causes 
tension in slabs, as well as displacements, shear forces, and flexural 
moments in columns or walls. In these cases, it may be necessary to 
increase the amount of slab reinforcement required by Table 
24.4.3.2 due to the shrinkage and thermal effects in both principal 
directions (PCI MNL 120; Gilbert 1992). Top and bottom 
reinforcement are both effective in controlling cracks. Control strips 
during the construction period, which permit initial shrinkage to 
occur without causing an increase in stress, are also effective in 
reducing cracks caused by restraint. Topping slabs also experience 
tension due to restraint of differential shrinkage between the topping 
and the precast elements or metal deck (which has zero shrinkage) 
that should be considered in reinforcing the slab. Consideration 
should be given to strain demands on reinforcement crossing joints 
of precast elements where most of the restraint is likely to be 
relieved. 

24.4.3.2 ^j.Uax') Sjljxll ^jJj (_)iL4£jVl AikU 2-24-24. 

jSjj Lallc .tjljxll AxjJj ^L4^VI tlilxbjjl tkjJxj 

biLSjxI Ij^ ikfua <bl£^l »A4cSh ji 
^UxjiU jjij 5Lka ibiUaibll ^ 

JtjLju Aj. 4S sJbJ lyi CijStJ Ja iibVlAJl 4^ .42)1 ji 9A4ftSfl 

jxll bil(jibsSlVI c-luju 24.4.3.2 Jjjlkall SJaibll 

.(Gilbert 1992 i PCI MNL 120) 

ijfik J5tx bilftka ( 2)1 1 -*^ 4 ^ JUi b>A5t£ ^ ""j 

ijjSj tJbJ 4 ^ 42j>jJ 4 ij.9x11 4 ^jVI 4_)4L4£JVb 4^1 j ' 

biUa^bll 4_)kju biS .Aualll 42j& A^Ull '-■I CSaj\ ^Ui 

I 4 41. .,..'1 42)^ 4_)4L4^jVI ^jlxa uuju 

.^5bll 4 ^ jkjll ijulj 4 ^^ 1 j (ja.^ll 42)C 4 JL 4^411) 4 ^ 4 x 4 !! ,.'l 

4)124 4^1 Ubxll 4 41..,.. j^Uxl ^jluull ^1X4 4 j 4 dLL 4 4 ^ Jlx215U ^b44AVI 4 ^*^^ 

4 XltxTlll ^ ^J.4II 42 ) 4 J JlxilVI 
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24.4.3 Nonprestressed reinforcement 

24.4.3.1 Deformed reinforcement to resist shrinkage and 
temperature stresses shall conform to Table 20.2.2.4(a) and shall 
be in accordance with 24.4.3.2 through 24.4.3.5. 

jLjaVI jjft 24.4.3 

ia j xua ^j\.v ^ ‘ 24.4.3.1 

24.4.3.2 4 (a) 20.2.2.4 ^Lkla 

24.4.3.5 


24.4.3.2 The ratio of deformed shrinkage and temperature 
reinforcement area to gross concrete area shall satisfy the hmits in 
Table 24.4.3.2. 

^LoSjVI A^lala 24.4.3.2. 

.24.4.3.2 ^Lju 


Table 24.4.3.2—Minimum ratios of deformed 
shrinkage and temperature reinforcement area to 
gross concrete area 


Reinforcement 

type 

/„VIPa 

Minimum reinforcement ratio 

Deformed bars 

<420 

0.0020 

Deformed bars 

or welded wire 
reinforcement 

>420 

Greater 

of: 

0.0018x420 

fy 

0.0014 


24.4.3.3 The spacing of deformed shrinkage and temperature 
reinforcement shall not exceed the lesser of 5h and 450 mm. 

j5h Cfi Vi 24.4.3.3 

450 mm 

24.4.3.4 At all sections where required, deformed reinforcement 
used to resist shrinkage and temperature stresses shall develop fy 
in tension. 

...-U ijc, ^ 4-3-4-24. 

^ fy ilujj i jl 


COMMENTARY 

R24.4.3 Nonprestressed reinforcement 

j^aVI R24.4.3 


R24.4.3.2 The minimum ratios of deformed bar or welded wire 
reinforcement area to gross concrete area required by 24.4.3.2 are 
empirical but have been used satisfactorily for 

d^LuiVl ^jliin Aaliu ji all U.l!l iiOiiii'ill R24.4.3.2 

uuu ^ 24.4.3.2 ^j)111 a 11 ^Ia&VI ^Uaj^l 


R24.4.3.4 Splices and end anchorages of shrinkage and temperature 
reinforcement are to be designed to develop the specified yield 
strength of the reinforcement in accordance with Chapter 25. 

^ ajIjaJi 4-3-4-24 

,25 t, < <.v »'t p ‘"'j,'' 
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24.4.3.5 For one-way precast slabs and one-way precast, 
prestressed wall panels, shrinkage and temperature reinforcement 
is not required in the direction perpendicular to the flexural 
reinforcement if (a) through (c) are satisfied. 

(a) Precast members are not wider than 3.7m 

(b) Precast members are not mechanically connected to cause 
restraint in the transverse direction 

(c) Reinforcement is not required to resist transverse flexural 
stresses 


ciilj ^24.4.3.5 

V i 

■{Z) (*) 'j! 

m 3.7 Cy* aIjajm UiLJa&i V 

^JL V 


24.4.4 Prestressed reinforcement 

24.4.4.1 Prestressed reinforcement to resist shrinkage and 
temperature stresses shall conform to Table 20.3.2.2, and the 
effective prestress after losses shall provide an average 
compressive stress of at least 0.7 MPa on gross concrete area 

24.4.4 

^Uajj 24.4.4.1 

JUill Oi% O' ‘ 20.3.2.2 Jj-iaJl ^ SjljaJl 3 ajJj 

JLLyib 0,7 V SaiuSa Jxj Jaujlill 


COMMENTARY 


R24.4.3.5 For precast, prestressed concrete members not wider than 
12 ft, such as hollow-core slabs, solid slabs, or slabs with closely 
spaced ribs, there is usually no need to provide reinforcement to 
withstand shrinkage and temperature stresses in the short direction. 
This is generally also true for precast, nonprestressed floor and roof 
slabs. The 12 ft width is less than that in which shrinkage and 
temperature stresses can build up to a magnitude requiring 
reinforcement. In addition, much of the shrinkage occurs before the 
members are tied into the structure. Once in the final structure, the 
members are usually not as rigidly connected transversely as 
monolithic concrete, thus, the transverse restraint stresses due to 
both shrinkage and temperature change are significantly reduced. 
The waiver does not apply where reinforcement is required to resist 
flexural stresses, such as in thin flanges of precast single and double 
tees. 

JjIaJu V I ^ j^UxU 4..uj.iillj R24.4.3.5 

j\ I j\ i Jli i m 3.7 ‘UaJauill 

V ‘ Cj|j CjUa^LlI 

AJa^LU Cjaji 

filij ^ m 3.7 o! 

^LuaVL ^L4 £jVI O' 0^^ 

0*^ ■'jj \1 j iajj ^La^VI 0*^ 

.A, ..*1.^1 A d.ll£ jA^Uxll 0.^ V AaaJI 

JA*AJ ija JS uuaju <LiOajxh ^ 

^aLajII ^LaVI JJIaaII 

ua^I ^^ JIaJI jA LaS 1 


R24.4.4 Prestressed reinforcement 

R24.4.4.1 Prestressed reinforcement requirements have been 
selected to provide an effective force on the slab approximately 
equal to the force required to yield nonprestressed shrinkage and 
temperature reinforcement. This amount of prestressing—0.7 MPa 
on the gross concrete area—has been used successfully on a large 
number of projects. The effects of slab shortening should be 
evaluated to ensure serviceable behavior of the structure. In most 
cases, the low level of prestressing recommended should not cause 
difficulties in a properly detailed structure. Additional attention may 
be required where thermal effects or restraint become significant. 


R24.4.4 

^^aLaaII tliUUala ^ 1-4-4-24 

^ (3^aaa ^aIaaa djill ^jLaa 

Kja 0,7 - (3^aa a Ii ^ jIjIaIi iIa ^ ,dji^jjj ^La^vi 

-JJA' ,^jLa1a1) ijA lip ^ ^IaAIJ^I ^LaAA ^jIP JI£aaIa 

Q\ ^^ujJ V ^laXA ^ ,J£a^ ^Udll jl - JAAd^ jIaI 

A\.>^aA ^ CaIajx*^ Aa ^jaaaaaII 

ji jIaVI ^AAdj ^LaaAVI (Ja ^Ja lilLlA -Z.-'"'' 
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24.5—Permissible stresses in prestressed concrete 
flexural members 

24.5.1 General 

24.5.1.1 Concrete stresses in prestressed flexural members shall 
be limited in accordance with 24.5.2 through 24.5.4 unless it is 
shown by test or analysis that performance will not be impaired. 

jUailiSI sLm] - 24.5 

24.5.1 

^ 24.5.1.1 

ji (ja i41j CjUjI ^ ^ Li t 24.5.4 24.5.2 ^ ^ 

bSlI ^ ^L J4a41l 

24.5.1.2 For calculation of stresses at transfer of prestress, at 
service loads, and at cracking loads, elastic theory shall be used 
with assumptions (a) and (b); 

(a) Strains vary linearly with distance from neutral axis in 
accordance with 22.2.1 . 

(b) At cracked sections, concrete resists no tension. 

•ijC'j i JLo^i ^ 24.5.1.2 

j iliLJaljjfiVI ^ '• 

ijC’ (u).22.2.1 4 fjM Lja^ tliV5L.4l ‘ 


COMMENTARY 

R24.5—Permissible stresses in prestressed concrete 
flexural members 
R24.5.1 General 

R24.5.1.1 Permissible stresses in concrete address serviceability but 
do not ensure adequate design strength, which should be checked in 
accordance with other Code requirements. A mechanism is provided 
such that Code limits on stress need not inhibit the development of 
new products, materials, and techniques in prestressed concrete 
construction. Approvals for the design should be in accordance with 
1.10 of the Code. 

jUaiiiSI jUuilS lAii - R24.5 

j.1* R24.5.1 

V 'bLli bibt^VI R24.5.1.1 * 

t-J t^4.4 ^11.4 

bil^ula ^14^ V 4ua.j ^1 

iIiIaSIjaII CxS^ 0^ ^U4| iji biUjjLij 

^ 1.10 ^ 
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24.5.2 Classification of prestressed flexural members 
24.5.2.1 Prestressed flexural members shall be classified as Class 
U, T, or C in accordance with Table 24.5.2.1, based on the 
extreme fiber stress in tension ft in the precompressed tension 
zone calculated at service loads assuming an uncracked section 


^ j.tidUxll ‘ 24.5.2 

X ji U t jjiUAi 24.5.2.1 

ft -^1 LiUlVI \ bUlul i 24.5.2.1 1^^ C ji 

JLa^l ^ kkUill ^\< ■"- 


Table 24.5.2.1—Classification of prestressed 
flexural members based on ft 


Assumed behavior 

Class 

Limits of f, 

Uncracked 

Cl" 

f,<0.62yp? 

Transition between uncracked 
and cracked 

T 

0.62y[f'<f,< l.Oy/Z' 

Cracked 

C 

f,> i.os/r 


I''Prestressed two-way slabs shall be designed as Class U with/ < 0.50 ff'. 


COMMENTARY 

R24.5.2 Classification of prestressed flexural members 
R24.5.2.1 Three classes of behavior of prestressed flexural members 
are defined. Class U members are assumed to behave as uncracked 
members. Class C members are assumed to behave as cracked 
members. The behavior of Class T members is assumed to be in 
transition between uncracked and cracked. The serviceability 
requirements for each class are summarized in Table R24.5.2.1. For 
comparison. Table R24.5.2.1 also shows corresponding 
requirementsfor nonprestressed members. 

^ "‘■'I j.tidUiill ‘ R24.5.2 

(jkjjL ,^Uaj5U ^"‘■'I j^Utdl dljlu ^ iIiUS eiju 1-2-4-24 

fiiua&l (jkjULdl ija i L.ij..mll ClaSS U pbkci 

^ X ‘^-^1 dljlu (jjij Q\ (jkjILall ijA fUkclS C ‘bill 

Jjd^l ^ ^d^l diUHala It ^ <1 aa.tit.'j c 

^UaII tltUllalAll Lkji R24.5.2.1 JjA^I (^jH.all .R24.5.2.1 

These classes apply to both bonded and unbounded prestressed 
flexural members, but prestressed two-way slab systems are required 
to be designed as Class U with ft < 0.5 (fc. ^ The precompressed 
tension zone is that portion of a prestressed member where flexural 
tension, calculated using gross section properties, would occur under 
unfactored dead and live loads if the prestress force was not present. 

Ak^j-all ‘Ia^'-"‘■'I fUaJVI pUkci (j.a JS tliUllI aJA 

U ‘ al,.^< Jl^.^YI ‘I a^i. , 1 » al^‘^1 tliUalUl A.alali -j - ‘ U^J iAJa^j.all 

JABS’ ijA ^ iL^ju ^j«.4aall At^l Alkla (jl ,ft < ft £ 0.5 (fc. ^ 

^Jalall '''■ -I 'Al.iil^i I'lj..i-v .1 tfU^VI -I „l ^ iJJAA 

fij^jA (j^>jLall Jl^.^YI aji ^ |j| AlcUka ‘b^J ‘b^ JLa^i t^La^VI 

Prestressed concrete is usually designed so that the prestress force 
introduces compression into this zone, thus effectively reducing the 
magnitude of the tensile stress. 

aAA ^1 Jl^VI ijjAA aji ‘^^aaaa ^Luj^I -j - • ■'5 ^ La aJl£ 

IniU ^1^ ffl CH (Jb^ tlHa <^bllj^ (Afikxall 

For corrosive environments, defined as an environment in which 
chemical attack (such as seawater, corrosive industrial atmosphere, 
or sewer gas) is encountered, cracking at service loads becomes 
more critical to long-term performance. 

^ <Lu l^b (^Ij ‘dSbll ‘IiliU^I ^1 4jinillj , 

^jinj 1 lIj^I Jl£ j\ dSbll ^U^l plj^ll j\ jaa^l ab.a Jla) ^U.a^ 

.Jjjkll ^Xall f U5U ‘bAfti ^A^l JLa^i ^ (jli nMl 

For these conditions, cover should be increased in accordance with 
20.6.1.4, and tensile stresses in the concrete reduced to minimize 
possible cracking at service loads. 

^Luj^l ^ b^l Jakjj ‘20.6.1.4 4 llij ^Uaall aJbJ i_a^ ikjj^l aj^ 

,^A^I JLa^Sl d-alball ^bmll Jjlall 
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Table R24.5.2.1—Serviceability design requirements 




Prestressed 




Class U 

Class T 

Class C 

Nonprestressed 

Assumed behavior 

Uncracked 

Transition between uncracked 

and cracked 

Cracked 

Cracked 

Section properties for stress calcula¬ 
tion at service loads 

Gross section 

24.5.2.2 

Gross section 

24.5.2.2 

Cracked section 

24.5.2.3 

No requirement 

Allowable stress at transfer 

24.5.3 

24.5.3 

24.5.3 

No requirement 

Allowable compressive stress based 
on uncracked section properties 

24.5.4 

24.5.4 

No requirement 

No requirement 

Tensile stress at service loads 

24.5.2.1 

SO 

O 

VI 

0.62v/^</< l.Ov/Z' 

No requirement 

No requirement 

Deflection calculation basis 

24.2.3.8,24.2.4.2 

24.2.3.9, 24.2.4.2 

24.2.3.9,24.2.4.2 

24.2.3,24.2.4.1 

Gross section 

Cracked section, bilinear 

Cracked section, bilinear 

Effective moment of inertia 

Crack control 

No requirement 

No requirement 

24.3 

24.3 

Computation of or f, for crack 

control 

— 

— 

Cracked section analysis 

MI(As X lever arm), or 2/3^. 

Side skin reinforcement 

No requirement 

No requirement 

9.7.2.3 

9.7.2.3 
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24.5.2.2 For Class U and T members, stresses at service loads 
shall be permitted to be calculated using the uncracked section. 

JLa^i ^ ^ iXj U j^Uxl 4jiin'lj 24.5.2.2 

^JaLall <-v*. 1.1 < 

24.5.2.3 For Class C members, stresses at service loads shall be 
calculated using the cracked transformed section. 


jL4^i uLui^ ^ 


iC j-flUfcl A^b 24.5.2.3. 

^laLoll ^likJLyjb 


24.5.3 Permissible concrete stresses at transfer of prestress 

iajxba 24.5.3. 


24.5.3.1 Calculated extreme concrete fiber stress in compression 
immediately after transfer of prestress, but before time-dependent 
prestress losses, shall not exceed the limits in Table 24.5.3.1 

jxj aj.4ib.a JaljLuajVI ^ ^ .j. ..-v »'l LiUlSU Jaji.all 24.5.3.1 

vi t aajxaIi (3^ jIj 

24.5.3.1 iA Jj-iaJl JjIajj 


Table 24.5.3.1—Concrete compressive stress 
limits immediately after transfer of prestress 


Location 

Concrete compressive stress 
iimits 

End of simply-supported members 

0.70/;/ 

All other locations 

0.60/;/ 


COMMENTARY 


R24.5.2.3 Prestressed members are classified based on the 
magnitude of the stress in the precompressed tension zone, 
calculated assuming the section remains uncracked. Once it is 
determined that a member is Class C, with ft > 1.0( / c ) ^ 
subsequent calculations of service load stresses are based on the 
cracked transformed section. A method for calculating stresses in a 
cracked section is given in Mast (1998). 


Ailala lA bUIul ^‘ ^ R24.5.2.3 

V ^laLoll i ‘ ■■ AaHI 

biiIibLuiaJl Jjluu 1 ft > 1.0( fc ^ ‘ C 'bill ^ j^iaxll if\ 

^lald ^ bji .>iU jL^t^liAll ^laLoll ^^^Ic 

(1998) biuiLa ^A 

R24.5.3 Permissible concrete stresses at transfer of prestress —The 
concrete stresses at this stage are caused by the weight of the 
member and the force in the prestressed reinforcement after jacking 
reduced by the losses due to seating of the prestressed reinforcement 
and elastic shortening of the concrete. Shrinkage, creep, and 
relaxation effects are generally not included at this stage. These 
stresses apply to both pretensioned and post-tensioned concrete with 
proper modifications of the losses at transfer. 

Jil bjbl^VI R24.5.3. 

^1 Jxj Jl4^VI ^iLjuII a jbaxll ^ J. 9 II »A A ^-All 
,^Ljjj^I 1 -v ‘.'t‘ “1 o^l^i ‘.'t‘ “1 ^jli 

jlim 4 .UU. 4 II cjlibJjLllI ^ J^lj iill£ll&5U "-'I ^Lujall iy> JS AC’ Jajxball 

.JUll He 

R24.5.3.1 The permissible concrete compressive stresses at transfer 
of prestress are higher at ends of simply supported members than at 
other locations based on research in the precast, prestressed concrete 
industry (Castro et al. 2004; Dolan and Krohn 2007; Hale and 
Russell 2006). 

jI^.^VI JH ^Ljj^)H 1 I bi ,uii iijbl^^l R24.5.3.1 

iHaHI ^l^^l (j-a ^jfiXall j^Llxll ciljlai Hc A^^ 

Dolan and ^ Castro et al. 2004) ^t-ijill A 

.(2006 J-lj Hale and iKrohn 2007 
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24.5.3.2 Calculated extreme concrete fiber stress in tension 
immediately after transfer of prestress, but before 

d&j Jau ^ ciUlSU 24.5.3.2 

(j.a O^J 


Table 24.5.3.2—Concrete tensile stress limits 
immediately after transfer of prestress, without 
additionai bonded reinforcement in tension zone 


Location 

Concrete tensile stress limits 

Ends of simply-supported members 

O. 50 J]: 

All other locations 

0.25^^ 


COMMENTARY 

R24.5.3.2 The tensile stress limits 0.50^/^ 

tensile stresses at transfer of prestress at locations 

Jij and 0.50^ 

other than the precompressed tension zone. Where tensile stresses 
exceed the permissible values, the total force in the tensile stress 
zone may be calculated and reinforcement proportioned on the basis 
of this force at a stress of 0.6 fy, but not more than 210 MPa. The 
effects of creep and shrinkage begin to reduce the tensile stress 
almost immediately; however, some tension remains in these 
locations after allowance is made for aU prestress losses. 

lull Lallc .1 ^j«.uaall lull Allau 

tlA ^Lui ^jluull 1^1 ll^l Allala ^ <Ul£ll 9jlll luLu^ 

ci^jll jIjI iiu .JLlub 210 u^J ‘ /rO.O Sjlll 

tlA It^l JIJj V idlli '^ 144 ! ^La^Vlj 

. ija ua ll ll4^VI lil^l Jl^l ^ 1*J ^Ijull 
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24.5.4 Permissible concrete compressive stresses at service loads 

JLo&i ^ 24.5.4 

24.5.4.1 For Class U and T members, the calculated extreme 
concrete fiber stress in compression at service loads, after 
allowance for aU prestress losses, shall not exceed the limits in 
Table 24.5.4.1. 

ciUlSlI ‘ T j U j.tidUxl 24.5.4.1 

^ Jaj 1 Ale Lxbill ^ ‘.'J' 

.24.5.4.1 Jj'iaJl sJjljh Jj.laJI ‘ 


Table 24.5.4.1—Concrete compressive stress 
limits at service loads 


Load condition 

Concrete compressive stress 
limits 

Prestress plus sustained load 

0.45/' 

Prestress plus total load 

0.60/' 


COMMENTARY 

R24.5.4 Permissible concrete compressive stresses at service loads 

JLo^i ^ I 4 J Jax4a R24.5.4 

R24.5.4.1 The compressive stress limit of 0.45/c' was originally 
established to decrease the probabihty of failure of prestressed 
concrete members due to repeated loads. 

Jui JadSlI ^ '0.45fc ^ 41 ) lw . 4a l) ^ R24.5.4.1 

.tjjSlall JLa^SlI filuael 

This limit also seemed reasonable to preclude excessive creep 
deformation. At higher values of stress, creep strains tend to 
increase more rapidly as applied stress increases. 

^ tjjiij (jjJ VjALa L4ui IJA 

dJbj ^ dJbjll (bV5Ljj 

Fatigue tests of prestressed concrete beams have shown that 
concrete compressive failures are not the controlling criterion. 
Therefore, the stress limit of 0.60// permits a onethird increase in 
allowable compressive stress for members subject to transient loads. 

Jaiuia dililiAl (ja Jlill 

SaiuSal) ^ O.OO/c' jIjx. 4 I'u nj' 

, (3^1 JLaaV Aj jAU^I 

Sustained live load is any portion of the service live load that will be 
sustained for a sufficient period to cause significant time-dependent 
deflections. Thus, when the sustained live and dead loads are a large 
percentage of the total service load, the 0.45/c' limit of Table 
24.5.4.1 typically controls. 

AJuaIIj A^aII JLoaVI CX3^ ilASAj Aajxj 

JjA^I ija fcO.45 AaJI 9Jl£ Ajaau aj.Alui.all 

.24.5.4.1 

On the other hand, when a large portion of the total service load 
consists of a transient or temporary service live load, the increased 
stress limit of 0.60/c' typically controls. 

jiaU.a JiA^ j.a ^A^Il J.a^l ja 0.5^ LaAl& i^j^i A^U ja 

aJl£ ^£a^0.60/i;' ^ 41 ) idiSja 

The compression limit of 0.45/c' for prestress plus sustained loads 
will continue to control the time-dependent behavior of prestressed 
members 

AAia.all liljluill ^ Jba^S!0.45/c' Inulall ja ja'inijm 

AaouiaII judU&U iiiijll 


643 














CODE 

COMMENTARY 

CHAPTER 25—REINFORCEMENT DETAILS 

25.1 — Scope 

- 25 ^ayi 
25.1 

R25—REINFORCEMENT DETAILS 

R25.1—Scope 

Recommended methods and standards for preparing design 
drawings, typical details, and drawings for the fabrication and 
placing of steel reinforcement in reinforced concrete structures are 
given in the ACI Detailing Manual (SP-66). All provisions in the 
Code relating to bar, wire, or strand diameter (and area) are based on 
the nominal dimensions of the reinforcement as given in the 
appropriate ASTM specification. 

gifjMlaJI - R25 

JMl R25.1 

fUa&l 

ibuSnj >sib jJill sj jI jii j.iia.Sri .(aci (SP-66 

(lil.L.dlj.. ^ jA L.i JIuVI (^Lji..4|j) Jjlill jlaS ji 

a^UaII ASTM 

Nominal dimensions are equivalent to those of a circular area having 
the same weight per foot as the ASTM designated bar, wire, or 
strand sizes. Cross-sectional area of reinforcement is based on 
nominal dimensions. 

lajju JLa Jil Allal. ^ aJj^j..!! lillj JjIaj AjauVI 

^ <UxlaL>ll Ailala Jlluu ‘ n't i Qia-dl ASTM 

25.1.1 This chapter shall apply to reinforcement details, 
including: 

(a) Minimum spacing 

(b) Standard hooks, seismic hooks, and crossties 

(c) Development of reinforcement 

(d) Splices 

(e) Bundled reinforcement 

(f) Transverse reinforcement 

(g) Post-tensioning anchorages and couplers 

R25.1.1 In addition to the requirements in this chapter that affect 
detailing of reinforcement, detailing specific to particular members 
is given in the corresponding member chapters. Additional detailing 
associated with structural integrity requirements is covered in 4.10 

ijlC' jjjj ,_jj1|j ^ Sj jljll iliUHalall JiLiVlj R25.1.1 

^.ALHoII jt^Uxll ^ -■ j.>idUxl <Ltidlk Jj^Ul ^UaCl ^ i ^4uull 

4.10 " L45I.U1II tliLllalu 4juj.a AjilJaj Jjinl S* JjUj 

iiUj ^ Laj 25.1.1 

UjII (i): 

CiliiUa^lj 

Ajla^aII ^Ayiull 

(j) 

Jxj J^LyiMll 


25.1.2 Provisions of 25.9 shall apply to anchorage zones for post- 
tensioned tendons. 

Jaj ijiC’ 25.9 25.1.2 
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25.2—Minimum spacing of reinforcement 

25.2.1 For parallel nonprestressed reinforcement in a horizontal 
layer, clear spacing shall be at least the greatest of 25 mm., db, and 
(4/3)dagg. 

e*Lit*U UiJJI mUII - 25.2 

^ CxS^ A-uju-IL 25.2.1 

i4/3)dagg. j ‘ db j ‘ mm 25 u-> A.a-^ljll ^Luiall 

25.2.2 For parallel nonprestressed reinforcement placed in two or 
more horizontal layers, reinforcement in the upper layers shall be 
placed directly above reinforcement in the bottom layer with a 
clear spacing between layers of at least 25 mm. 

ji ^ 1^25.2.2 

Al^l ^ 9j^U.a Ulall tliUjlall ^ ‘ 

mm 25 0^ acLj ^ A^liuill 

25.2.3 For longitudinal reinforcement in columns, pedestals, 
struts, and boundary elements in walls, clear spacing between bars 
shall be at least the greatest of 40 mm., 1.5d6, and (4/3)dogg. 

dlA&Sh ^ A u inilj 25 . 2 . 3 . 

40 0^ (jUJaill JCbjll OJ% o' 4*^ ‘O'j-^' 

(4/3)dagg.. j ‘ db 1.5 j ‘ mm 


25.2.4 For pretensioned strands at ends of a member, minimum 
center-to-center spacing s shall be the greater of the value in Table 
25.2.4, and [(4/3)dagg+db]. 

Jit O' ‘ jOaft >^ 014 ^ (_g^ AicLJull 'tj'^'425.2.4 

[(4/3)dagg + db], 25.2.4 j^' s jSj- jSlj- On AiLuiall 


Table 25.2.4—Minimum center-to-center spacing 
of pretensioned strands at ends of members 


fa', MPa 

Nominal strand diameter, mm 

Minimum .s 

<28 

All 

4t4, 

>28 

< 12.7 mm 

4<4 

12.7 mm 

45 mm 

15.2 mm 

50 mm 


COMMENTARY 

R25.2—Minimum spacing of reinforcement 

The minimum limits are set to permit concrete to flow readily into 
spaces between bars and between bars and forms without 
honeycombs, and to ensure against concentration of bars on a line 
that may cause shear or shrinkage cracking. Use of nominal bar 
diameter to define minimum spacing permits a uniform criterion for 
all bar sizes. 

e.»UiiiH LiJJI AdUll - R25.2 

(ja CjlAltjial) ^ ^1 miiU UjAII 

jk Ja^ ^Uballl j^Jj fJC’ ijLtJalj (jjAJ JLLuVIj UHJ 

AafI 

. ACball ^ 

In 2014, the size limitations on aggregates were translated to 
minimum spacing requirements, and are provided to promote proper 
encasement of reinforcement and to minimize honeycombing. The 
limitations associated with aggregate size need not be satisfied if, in 
the judgment of the licensed design professional, the workability 
and methods of consolidation of the concrete are such that the 
concrete can be placed without creating honeycombs or voids. 

AjUUala ^ AaJi Ajj£ ^ i 2014 

^JL V .A^ ^Al 1.^1141 ‘ ■ "*' t 

A^jj (Jjisj J4 niM) Abhli ilulS IaI f-* "* 

ijli. (jjA ^4ajj ^ 

,Ajl£ Ij2 ji 

The development lengths given in 25.4 are a function of the bar 
spacing and cover. As a result, it may be desirable to use larger than 
minimum bar spacing or cover in some cases. 

AS iiAUaI .fUaillj AcUj (ja Ai^j ^ 25.4 tUan-dl ‘''j/'' Jljlai 

U^axj AaJi Qa j^I fUaC jl ACbj <A-. .,1 tjjij 

biVLaJl 

R25.2.4 The decreased spacing for transfer strengths of 28 MPa or 
greater is based on Deatherage et al. (1994) and Russell and Burns 
(1996). 

fjlp j\ MPa 28 iIiVAxaI A.Jai-biAl) Ajluu R25.2.4. 

.(Deatherage et al. (1994) and Russell and Burns (1996 
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25.2.5 For pretensioned wire at ends of a member, minimum 
center-to-center spacing s shall be the greater of 5db and 
[i4/3)dagg+ db], 

LJljlai JjC’ <>»;■lil^LubU 25.2.5 

[{4/3)dagg + db]. j 5db u-> on 

25.2.6 Reduced vertical spacing including bundling of 
prestressed reinforcement shall be permitted in the middle 
portion of a span. 

..1U ^ .25.2.6 


COMMENTARY 


Table 25.3.1—Standard hook geometry for development of deformed bars in 
tension 


Bar size 

Minimum inside 
bend diameter, mm 

No. 10 through 
No. 25 

6dh 

No. 29 through 
No. 36 

00 

No. 43 and 

No. 57 

\0di, 

No. 10 through 
No. 25 

6dh 

No. 29 through 
No. 36 

00 

No. 43 and 

No. 57 

\0db 


Type of 
standard 
hook 


Straight 
extension'*' 
L 


mm 


Type of standard hook 


90-degree 

hook 


\2db 



180-degree 
hook 


Greater of 
4dh and 65 mm 



'hA standard hook for deformed bars in tension includes the specific inside bend diameter and straight extension length. It shall 
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the 
anchorage capacity of the hook. 
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25.3 — Standard hooks, seismic hooks, crossties, and 
minimum inside bend diameters 

R25.3—Standard hooks, seismic hooks, crossties, and 
minimum inside bend diameters 

jUaaill Jdi^ - 25.3 

R25.3.1 Standard bends in reinforcing bars are described in terms of 
the inside diameter of bend because the inside bend diameter is 
easier to measure than the radius of bend. The primary factors 
affecting the minimum bend diameter are feasibility of bending 

25.3.1 Standard hooks for the development of deformed bars in 
tension shall conform to Table 25.3.1 

without breakage and avoidance of crushing the concrete inside the 
bend. 

^ ^ ^Uajj 25.3.1 

25.3.1 

jUaaiSI Jdi^ c (aUblUlj c c (alaUa^l - R25.3 

jUai^il JalJ 

jlaill ijM „ni £ji ^ ‘ R25.3.1 

J.al^l .^UaJVI jiaS (jm ^U^VI jlaS 0^ ^UaJ5U 

i_fA Ujiai jjjj ,^1 A^LuSlI 

25.3.2 Minimum inside bend diameters for bars used as transverse 
reinforcement and standard hooks for bars used to anchor stirrups, 
ties, hoops, and spirals shall conform to Table 25.3.2. Standard 
hooks shall enclose longitudinal reinforcement. 

R25.3.2 Standard stirrup, tie, and hoop hooks are limited to No. 25 
bars and smaller, and the 90-degree hook with 6db extension is 
further limited to No. 16 bars and smaller, as the result of research 

pUaJVl jiail 25.3.2 ^ jjjLku 25.3.2 

^ ^UJaiU 

CiliiUa^j (CiUiaUlIlj 

^AyuJ ^ 

showing that larger bar sizes with 90-degree hooks and 6db 
extensions tend to spall off the cover concrete when the 
reinforcement is stressed and the hook straightens. 

j*.'*^*" R25.3.2 

16 db 6 JlJj-W 90 Liliill iajj i jk-aij 25 

90 ^ 0^ OiH 

..*'1 jjSLUI ^ Lajjc fUac Jj.u dbh 

The minimum 4db bend for the bar sizes commonly used for stirrups, 
ties, and hoops is based on accepted industry practice in the United 
States. Use of a stirrup bar size No. 16 or smaller for the 90, 135, or 
180-degree standard stirrup hook will permit multiple bending on 
standard stirrup bending equipment. Constructibility issues should 
be considered in selecting anchorage details. In particular, the use of 
180-degree hooks should be avoided in closed stirrups, ties, and 
hoops made of continuous reinforcement 

1 (liUl£ll i » <4*. ....'l db 4 .lHuuj 

iijiII iai 4..uijLu 1 .-il.Wa*'lj 

ji 135 90 ‘ aita-v' ji ig cjUl£ll .1 < 4 *. Ill 

fU4l LLJaS ^ „l All JjLSjll ijlC’ 180 

180 .1 <4*. Ill i_u^ jLu^l 

liajljj iAlika ^ 
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Table 25.3.2—Minimum inside bend diameters and standard hook geometry 
for stirrups, ties, and hoops 


Type of stan¬ 
dard hook 

Bar size 

Minimum inside 
bend diameter, mm 

Straight extension!'! 
fex„ mm 

— 

Type of standard hook 

90-dcgrcc 

hook 

No. 10 
through 
No. 16 


Greater of 6r4 and 

75 mm 

‘.■/' 


90-degree 

bend 

]) 

1 ^•Jrt 

No. 19 
through 
No. 25 

6dh 

I2dh 

y 

Diameter - ^ 

135-degree 

hook 

No. 10 
through 
No. 16 

4dh 

Greater of 6dh and 

75 mm 

dt 

t 

\ /' 

135-degree 

5)r 

No. 19 
through 
No. 25 

6dh 

Diameter 

180-degree 
hook 

No. 10 
through 
No. 16 

4d, 

Greater of 

4r4 and 

65 mm 

^ 

\ 

1 180-degree 
bend 

/ 

No. 19 
through 
No. 25 

6df, 

Diameter ^ ^ 

b:* 

r 

1 


standard hook for stirrups, ties, and hoops includes the specific inside bend diameter and straight extension length. It shall 
be permitted to use a longer straight extension at the end of a hook. A longer extension shall not be considered to increase the 
anchorage capacity of the hook. 
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25.3.3 Minimum inside bend diameters for welded wire 
reinforcement used as stirrups or ties shall not be less than 4^6 for 
deformed wire larger than D6 and 2db for all other wires. Bends 
with inside diameter of less than Sdb shall not be less than 4db 
from nearest welded intersection. 

2 A ....t) 2 CjLal&ill jUafii 25.3.3 

2db j D6 u-> lilLjih 4clb Cfi ■^'jj j' 

jlalSj Uijsi 4(lb Cfi- Sdb 0* jiaill (lUajl JL V .tSjiSfl liliLjiSll 

25.3.4 Seismic hooks used to anchor stirrups, ties, hoops, and 
crossties shall be in accordance with (a) and (b): 

(a) Minimum bend of 90 degrees for circular hoops and 135 
degrees for aU other hoops 

(b) Hook shall engage longitudinal reinforcement and the 
extension shall project into the interior of the stirrup or hoop 

tiilxIaUllIj ‘'"y' ^ 0^ 25.3.4 

j (') 

jljlaSfl ^jJ 135 j JljiiiU ^jJ 90 (‘'jaj'vi (> (') 

oSjiSfl 

^^jia ji tliULSh JlJlaVI ^ LiUa^l ('r') 

25.3.5 Crossties shall be in accordance with (a) through (e): 

:(Jb) (i) O' 25.3.5 

(a) Crosstie shall be continuous between ends 

(b) There shall be a seismic hook at one end 

(c) There shall be a standard hook at other end with minimum 
bend of 90 degrees 

(d) Hooks shall engage peripheral longitudinal bars 

(e) 90-degree hooks of two successive crossties engaging the 
same longitudinal bars shall be alternated end for end, unless 
crossties satisfy 18.6.4.3 or 25.7.1.6.1 

t0'U4jM 44^ 0.^ O' (') 
jla ^ jlj LiUa^ lilUA CiA (^) 
90 b ^ j^Vl cijiall ^ ciUa^ dUA Oi% (z) 

A^jlall £jl 

^ Qjtj.“jjS Qa ^jA 90 ^'A L4Ua4fl 0.5^ O' (^) 

ji 18.6.4.3 a'^U ^ t.4 at ^jUla ^UOaill 

25.7.1.6.1 


COMMENTARY 

R25.3.3 Welded wire reinforcement can be used for stirrups and 
ties. The wire at welded intersections does not have the same 
uniform ductility and bendability as in areas that were not heated by 
welding in the manufacture of the welded wire reinforcement. These 
effects of the welding temperature are usually dissipated in a 
distance of approximately four wire diameters. Minimum bend 
diameters permitted are in most cases the same as those required in 
the ASTM bend tests for wire (ASTM A1064 and A1022). 

(ilLjill CiA J ibUlih Ia jaldl liliUSri juk-u j.lAab*jl R25.3.3 

^ ^ (jJalUl) ^ LaS tlilxlalkill Ajc 

»AA AAu La aAl£j .^j&Xall "t ^ Ajauiljj * ^ 

A^l (2)! jUaSi Aajji ijA La ^ ^jA 0^ jlaVl 

^ A lAlli JLa A.u4j jA CjVL^I ^laxa ^ Aj ^j>.auaal) jUasSl ^aVI 

A1022) J ASTM Al664) ASTM (‘'baJl aj^\ 


R25.3.5 Crossties are illustrated in Fig. R25.3.5 

R25.3.5 J o^' .R25.3.5 


Alternate hook position of 



Fig. R25.3.5—Cross tie. 
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25.4—Development of reinforcement 

25.4.1 General 

25.4.1.1 Calculated tension or compression in reinforcement at 
each section of a member shall be developed on each side of that 
section by embedment length; hook, headed deformed bar, 
mechanical device, or a combination thereof 


- 25.4 

25.4.1 

^ ^ ^ Jakuall jl ^ 1-1-4-25 

-1 alU^'l ..m Jjiaj ^laLdl IjA ijA (JS 

411 j 5u> ji JLfj. 


COMMENTARY 


R25.4—Development of reinforcement 
R25.4.1 General 

R25.4.1.1 The development length concept is based on the 
attainable average bond stress over the length of embedment of the 
reinforcement (ACI Committee 408 1966). Development lengths are 
required because of the tendency of highly stressed bars to split 
relatively thin sections of restraining concrete. 


r:‘ 

^ R25.4.1 

^ja^viu -j R25.4.1.1 

i j^^.aa.all I'ljjn't Jljlai ujUaa .(ACI 408 1966 ^^4^) in') ^Xa ijlC’ 

iy> ^ILa jl; ■ i 


A single bar embedded in a mass of concrete should not require as 
great a development length, although a row of bars, even in mass 
concrete, can create a weakened plane with longitudinal splitting 
along the plane of the bars. 

dj^ 1,^ Vjla ija ^ j[j.aLa 4^1 j 

.^1 j'Uatt Ji^ ^^Ifr </l.il^ ^ ^ 

In application, the development length concept requires minimum 
lengths or extensions of reinforcement beyond all points of peak 
stress in the reinforcement. Such peak stresses generally occur at the 
points of maximum stress and points where reinforcement is bent or 
terminated. From a point of peak stress in reinforcement, some 
length of reinforcement or anchorage is necessary to develop the 
stress. 

La JjXoj jI JIjiaVl XxJl a ^ 

JoC aLa ^ 

AJaij ^ ji ^ Llllllj ^ .1^1 iallj 

Sjjjh 


This development length or anchorage is necessary on both sides of 
such peak stress points. Often, the reinforcement continues for a 
considerable distance on one side of a critical stress point so that 
calculations need involve only the other side, for example, the 
negative moment reinforcement continuing through a support to the 
middle of the next span. 


(j.a ^ Jalij jV' j' Jjlah 14* 

4jaij ijM Xxlj ^Luoal ^jAuull j.aluu 

dj.aluiAll ..tt ..’;U ( JIjaII Jj;. » ujl^l ia^ (1 jLL4jjxJ| 

,^L11I ^Luial) ‘ 
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25.4.1.2 Hooks and heads shall not be used to develop bars in 
compression. 

.JaliibiV) ^ tjlj.bl') ilu.LLil i AjlaUakl) 25.4.1.2 


25.4.1.3 Development lengths do not require a strength reduction 
factor (|). 


(|), ^ d.aU.4 I •'inn') Jljlai c-iHaTu V 25.4.1.3 


25.4.1.4 The values of used to calculate development length 
shall not exceed 8.3 MPa. 


Jl.luljliL.a S,3 Jjla uLuiaJ i JjIaJu Vi 4.1.4 


25.4.2 Development of deformed bars and deformed wires in 
tension 


^ ^ *j\-v a\\ 25.4.2. 


25.4.2.1 Development length (d for deformed bars and deformed 
wires in tension shall be the greater of (a) and (b): 

(a) Length calculated in accordance with 25.4.2.2 or 25.4.2.3 
using the applicable modification factors of 25.4.2.4 

(b) 300 mm. 

jS\ 1^1 ^ d 0.9% 25.4.2.1 

:(“) J ( ') 0- 

JjAill Jaljft 25.4.2.3 ji 25.4.2.2 JjLll (i) 

25.4.2.4 jlM'j *49 

mm 300 (“) 


COMMENTARY 


R25.4.1.2 Hooks and heads are ineffective in compression. No data 
are available to demonstrate that hooks and heads can reduce 
development length in compression. 

cjLjV ^ULa _lii ,>i'i ^ biliUa^l R25.4.1.2 

iakJall ^ Jjla 0^ 

R25.4.1.3 The strength reduction factor (|) is not used in the 
development length and lap splice length equations. An allowance 
for strength reduction is already included in the expressions for 
determining development and splice lengths. 

J_jla bmlul) Jjla ^ (|) 5jjill (jijiaj Jalc ^ A'lnj V R25.4.1.3. 

Jljlaij CjIjjjuII ^ Jxillj ijill Jjj j;-• ^ 


R25.4.1.4 Darwin et al. (1996) shows that the force developed in a 
bar in development and lap splice tests increases at a lesser rate than 




with increasing compressive strength. Using 


Vr 


, however, 


is sufficiently accurate for values of up to 8.3 MPa, and 

17' 

because of the long-standing use of the in design, ACI 
Committee 318 has chosen not to change the exponent applied to the 
compressive strength used to calculate development and lap splice 


lengths, but rather to set an upper limit of 8.3 MPa on 



(A cjfcbaj sjaII ijc. Jjj (1996) .ojj^b uiJj'J R25.4.1.4. 

■ .1 Illj _uit ^ 

uumuj t Jl£.ujljUj.a §,3 1.4 ^/r 

(jjaal) (jjiSh Jjjki ACI 318 jb^l i 

^4ajl Jj 1 Jljlai Jjlaj j.. <4*. ....'l Un 

8.3 


R25.4.2 Development of deformed bars and deformed wires in 
tension 


lui ^ 2 ;ju a'i i ‘jU »'i (luu R25.4.2. 


R25.4.2.1 This provision gives a two-tier approach fornthe 
calculation of tension development length. The user canneither use 
the simplified provisions of 25.4.2.2 or the generalndevelopment 
length equation (Eq. (25.4.2.3a)), which is based on the expression 
previously endorsed by ACI 408. IR (Jirsa et al. 1979). In Table 
25.4.2.2, (d is based on two preselected values of (ct + Ktr)ldb, 
whereas frffrom Eq. (25.4.2.3a) is based on the actual {cb+ Ktr)ldb. 


uLji^ ijA Ija R25.4.2.1 

‘((<l25.4.2.3) Jjh>>4l) I'ln n't Jjla ^JU.4 ji 25.4.2.2 0^ 

.(ACI 408.1R (Jirsa et al. 1979 jh jllj 

‘ (cb + Ktr)/db) iV" 9JJa-> td jILu i 25.4.2.2 

.(cb + Ktr)/db) A4 j*j (Eq. (25.4.2.3a td Lilu 
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25.4.2.2 For deformed bars or deformed wires, td shall be 
calculated in accordance with Table 25.4.2.2. 

‘^ ^ *j\-v ..\t ji A-ujuIL 2-2-4-25 

25.4.2.2 


Table 25.4.2.2—Development length for deformed 
bars and deformed wires in tension 


Spacing and cover 

No. 19 and 

smaller bars and 

deformed wires 

No. 22 and 
larger bars 

Clear spacing of bars or wires being 
developed or lap spliced not less 
than <4, clear cover at least d/,, and 
stirrups or tics throughout (j not less 
than the Code minimum 

or 

Clear spacing of bars or wires being 
developed or lap spliced at least Idt, 
and clear cover at least dh 


4 2'k7X'. 

da 


^ fNN. 1 


Other cases 


( , \ 



f r \ 





COMMENTARY 

Although there is no requirement for transverse reinforcement along 
the tension development or lap splice length, research (Azizinamini 
et al. 1999a,b) indicates that in concrete with very high compressive 
strength, brittle anchorage failure may occur for bars with 
inadequate transverse reinforcement. In lap splice tests of No. 25 
and No. 36 bars in concrete with an fc' of approximately 105 MPa, 
transverse reinforcement improved ductile anchorage behavior. 

Jjla ji 0^ if^ 

jaJl ^ 4Ji I i 1999 iJilJjll 

tlilj (jiiA ‘ ^bih Ult 

36 25 (» 2 j JilJjll ( 3 ual cjljbjil ^ .yitSll Jjft 

i 105 ' fC ^ 

R25.4.2.2 This provision recognizes that many current practical 
construction cases use spacing and cover values along with 
confining reinforcement, such as stkrups or ties, that result in a 
value of (a + Ktr)ldb of at least 1.5. Examples include a minimum 
clear cover of dt along with either minimum clear spacing of 2db, or 
a combination of minimum clear spacing of db and minimum ties or 
stirrups. For these frequently occurring cases, the development 

length for larger bars can be taken as (d = [/jt|/(\|/c/(20k )]db. In 

the formulation of the provisions in ACI 318-95, a comparison with 
past provisions and a check of a database of experimental results 
maintained by ACI 408.IR indicated that for No. 19 deformed bars 
and smaller, as well as for deformed wire, the development lengths 
could be reduced 20 percent using \|/s = 0.8. This is the basis for the 
No. 19 and smaller bars and deformed wires column of Table 
25.4.2.2. With less cover and in the absence of minimum ties or 
stirrups, the minimum clear spacing limits of 25.2.1 and the 
minimum concrete cover requirements of 20.6.1.3 result in 
minimum values of ct equal to db. Thus, for “other cases,” the values 
are based on using (c* + Ktr)ldb = 1.0 in Eq. (25.4.2.3a). The user 
may easily construct simple, useful expressions. For example, in all 
members with normalweight concrete (k = 1.0), uncoated 
reinforcement (i|/c = 1.0), No. 22 and larger bottom bars (\|/( = 1.0) 
with fc' = 28 MPa, and Grade 420 reinforcement, the expressions 
reduce to 

^ .^.^1 (Jb R25.4.2.2 

t Jajljjil ji ^ i_u^ ^Uaxhj ksLuudI 

^ (yjSfl JaJl Iiilij Allai . 1.5 0* lP^ V cb -H Ktr) / db) 'buS 

ijM ji ‘ db 2 AiLuudi ^ db 

JLJuj djjAj 4. 1 * in\lj ji lajljjll ^ db 0 ^ 

.fd = [fy\|/t\|/e / ( 20 k)] db dL ufu i) Jjla Iki ^jLaj ijjSla 

iLLJ] j.lSa,Sn 2 -. jL4ii 4 ACI 318-95 iJ jl 

ACI 408.1R ^LuII (ja biUUj sJCll (ja 

(jiM I ii!5tu5U 4.U iiilb i 19 

19 ^(jjiLjii jA Ikk .\j/s = 0.8 Au lib Alail ^ 20 '''uj" 

JaJl ubc f.Uac. Jai ^ .25.4.2.2 ^ 

Jail diblialaj 25.2.1 4 bjjil 4.a.ual.^l kibjtAil Jj.Ja 2 )^ ‘ bibl^l ji iIila5Uil ^ya 
.db t^jbju cb gjjj 20 . 6 . 1.3 (>bjijaJl )s.lJ3>ii (_^jSfl 

Cb H- Ktr) / ) ^UibLjl ^1 ^1^1 )nI 111 4 "^jaSil 4liVI.^I" A.uj4.'Ub 4 ^blbj 
4 ilj^ (iLL j»jaiu 4 aU oi«j.(Eq. (25.4.2.3a db = 1.0 

(k = 1.0) uLiall 2)JjJl j-ab»ll ^ 4 JliaJi 

(\|/t = 1 . 0 ) jjSVI ^ j'ini' l 2)b4aillj 22 (>^j ‘ (e = 1 . 0 =) gjluull 4 

Jl Jaiaj 4 420 ‘ fc ' = 28 MPa 
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25.4.2.3 For deformed bars or deformed wires, td shall be 
calculated by: 


(d ^ q\ ^ *j\-v..tt jj ^ ..u 25.4.2.3 

:J5U. ijji 




fy 

\.\\^;(c, + K. ^ 


d, (25.4.2.3a) 


in which the confinement term (c* + Ktr)/db shall not exceed 2.5, 
and 


j 2.5 4j^(cft+ Ktr)/dh 

AQA 

^ (25.4.2.3b) 

sn 


where n is the number of bars or wires being developed or lap 
spliced along the plane of splitting. It shall be permitted to use Ktr 
= 0 as a design simplification even if transverse reinforcement is 
present. 


Jjla ^ > lit' ji ji JJC jk n 

jl Ktr = 0 *' "b' i_i^ .^LuiAjVI 

fjdaj)S\ ..m 


COMMENTARY 



(420)(1.0)(1.0) 

1.7(1.0)v/^ 


d, = 47 d, 



(420)(1.0)(1.0) 

1 . 1 ( 1 . 0 )V^ 


d, = lid. 


Thus, as long as minimum cover of db is provided along with a 
minimum clear spacing of 2db, or a minimum clear cover of db and a 
minimum clear spacing of db are provided along with minimum ties 
or stirrups, then td = \ldb. The penalty for spacing bars closer or 
providing less cover is the requirement that td= l\db. 

CjA ^ I_^\ db fdac ^ bdUa 11 jiAj 

ija JaJlj ^da\jdb ?daft JaJi ji i 2db SiUjiall 

(d ^ i diUlSlI j\ iy> ^ i_^\ '.''Tt/fi 

^ Jai aUJaij jSjj ji uijSi (jLaaaSll Qu iIiliLuadl .= 47db 

.fd = 71db 


R25.4.2.3 Equation (25.4.2.3a) includes the effects of all variables 
controlling the development length. In Eq. (25.4.2.3a), cb is a factor 
that represents the least of the side cover, the concrete cover to the 
bar or wire (in both cases measured to the center of the bar or wire), 
or one-half the center-to-center spacing of the bars or wires. Kir is a 
factor that represents the contribution of confining reinforcement 
across potential splitting planes. \|/( is the reinforcement location 
factor to reflect the effect of the casting position (that is, formerly 
denoted as “top bar effect”). 

fiaSu liljjiiah cjljjjij fjs- (a25.4.2.3) J«iii 3-3-2-4-2 j» 
fUac jai Jl»j J.aljLll jA cb ‘a) 25.4.2.3) ^ .iiujill) Jjla ^ 

i^\ lilLyill ji ^UaiJi 1 

•^i Ktr ji (jA i&UjII ‘ ji ( (iillwJl ji 

^\J/; ,4Xu^«Ail ^LjAjVI CjljjlwL fl ^.aAUjM 

j^lj" ( jA lAbj) ui.^1 LAa^ 


\|/c is a coating factor reflecting the effects of epoxy coating. There 
is a limit on the product \|/r\|/c. The reinforcement size factor \|/s 
reflects the more favorable performance of smaller-diameter 
reinforcement. A limit of 2.5 is placed on the term (c* + Ktr)/ db. 
When {cb + Ktr)/db is less than 2.5, splitting failures are likely to 
occur. Eor values above 2.5, a pullout failure is expected, and an 
increase in cover or transverse reinforcement is unlikely to increase 
the anchorage capacity. 

(jiiSij .\|/t\|/C 41UA ^ 51)9 (111jjjIj iJa&xj J.«l£ jA 

2.5 ^ ,j*j.dSll jlaill jj Jjjiull jjIVI ^USh JaIiu 

u-> ‘ 2.5 u-> (Jsi cb + Ktr) / db) a>^ ’-S'^ .cb + Ktr) / db) ^ 

(j.a£ ( 2.5 0^ 4 h inlL _*j. ..alU diVt^ (^.^^ Q\ ■'I* 

^jluull ji lUlauh ^ 0^ U^J ‘ ‘ (^A^ 

.(•'nn'i'l i jJi aJbJ ^1 jail 
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25.4.2.4 For the calculation of td, modification factors shall be in 
accordance with Table 25.4.2.4. 

‘ d‘ uLjiaJ 4jiin'b 25.4.2.4 

.25.4.2.4 


COMMENTARY 

Many practical combinations of side cover, clear cover, and 
confining reinforcement can be used with 25.4.2.3 to produce 
significantly shorter development lengths than allowed by 25.4.2.2. 
For example, bars or wires with minimum clear cover not less than 
2db and minimum clear spacing not less than 4di and without any 
confining reinforcement would have a (cz> + Ktr)ldb value of 2.5 and 
would require a development length of only 2Sdb for the example in 
R25.4.2.2. 

j ^ 4.44x1) tlil^jUl) ^ JjJxll «1 .,1 

.25.4.2.2 'b ^4*4 L 44 j4aS) I'lj nl J)jJai jbjV 25.4.2.3 j^aixl) in 
2db Cfi" ^ball ^Uxxll bi|j iil5b4S!) ji tliW^a.^) 1 JI 44 II 

^uluu I^\ 4 db Cfi A (ja (^4V) 4xJ)j 

^ jlial) LSa 28db ' 'u."'" t.. i . Ualu 4 j 2.5 u-> (cb + Ktr)/db) 

. Jjlx 4 l) c ACI318-08 ti!a.R25.4.2.2 

Before ACI 318-08, Eq. (25.4.2.3b) for Ktr included the yield 
strength of transverse reinforcement. The current expression 
includes only the area and spacing of the transverse reinforcement 
and the number of wires or bars being developed or lap spliced 
because tests demonstrate that transverse reinforcement rarely yields 
during a bond failure (Azizinamini et al. 1995). Terms in Eq. 
(25.4.2.3a) may be disregarded if such omission results in longer 
and, hence, more conservative, development lengths. 

J 44 X 4 II J44^ jxll iji bilAtj Ktr J (b25.4.2.3) 

ji I ^ 'jy' ^ ^^) ^b^laxl) ji iil5b4Sl) 44&J JaiS ^L44j ^I.ui4 

Cj) 4. Ill) IjJb ^^.Jajxll Cj)jlj4^V) 4 )^ 

)j) jxu ja (i 25.4.2.3) .jjl*4»l) ^ iaj>4.(i995 i <j4iUjjjft) 

.lialx j^i ^bll^j t Jjlai rnjn Jljlai jJjJ JljcVI 

R25.4.2.4 The lightweight factor X for calculating development 
length of deformed bars and deformed wire in tension is the same 
for all types of lightweight aggregate concrete. Research does not 
support the variations of this factor in Codes prior to 1989 for aU- 
lightweight and sand lightweight concrete. Section 25.4.2.4 allows a 
higher factor to be used when the splitting tensile strength of the 
lightweight concrete is specified. Refer to 19.2.4. The epoxy factor 
\j/c is based on studies (Treece and Jirsa 1989; Johnston and Zia 
1982; Mathey and Clifton 1976) of the anchorage of epoxy-coated 
bars that show bond strength is reduced because the coating prevents 
adhesion and lowers the coefficient of friction between the bar and 
the concrete. 

4 ‘J'-v 4)1 ^^1 j.tia)! ‘'’jy' Jjla uIdyixJ X ‘ (Jatc 0 ! R25.4.2.4 

^ ^Lyuj^ ^ iil^LyuVIj 

1989 ^ 

J4jl)j 

^ L 4 AI& J-alf *tA4^'L_uLi 25.4.2.4 ^Lyuj^l 

^jlC’ J.41sl 11 .i-UAtt-ij. 19.2.4 

j Mathey ^Johnston and Zia 1982 il989'--‘j#?'j o^j^) bibjljjl) 
^ 4 iaj)jl) »ja j^Jai ^) 441x41) ij bua'd ) buui (Clifton 1976 

,^)44j41)j umlail) iill^j^V) J 4 IX .4 (Jl^j ^lu filial) (IjV 
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Table 25.4.2.4—Modification factors for development 
of deformed bars and deformed wires in tension 


Modification 

factor 

Condition 

\aiue of 

factor 

Lightweight 

X 

Lightweight concrete 

0.75 

Lightweight concrete, where fc is 
specified 

In accordance 
with 19.2.4.3 

Nomialweight concrete 

1.0 

Epoxy’'* 

Vr 

Epoxy-coated or zinc and epoxy 
dual-coated reinforcement with clear 
cover less than 3(4 or clear spacing 
less than 6Jt, 

1.5 

Epoxy-coated or zinc and epoxy dual- 
coated reinforcement for all other 
conditions 

1.2 

Uncoated or zinc-coated (galvanized) 
reinforcement 

1.0 

Size 

V. 

No. 22 and larger bars 

1.0 

No. 19 and smaller bars and defonned 
wires 

0.8 

Casting 

position’** 

v< 

More than 300 mm of fresh 
concrete placed below horizontal 
reinforcement 

1.3 

Other 

1.0 


*''The product need not exceed 1.7. 


COMMENTARY 

The factors reflect the type of anchorage failure likely to occur. If 
the cover or spacing is small, a splitting failure can occur and the 
anchorage or bond strength is substantially reduced. If the cover and 
spacing between bars is large, a splitting failure is precluded and the 
effect of the epoxy coating on anchorage strength is not as large. 
Studies (Orangun et al. 1977) have shown that although the cover or 
spacing may be small, the anchorage strength may be increased by 
adding transverse reinforcement crossing the plane of splitting, and 
restraining the splitting crack. 


JCljjh j\ iJS bl (jjiSaj 

fUaxh (jlS bj Q\ (jLaj 

JUjIuiI ^ OH 

''-'I (Orangun et al. 1977) biLuiljjll ibjflai jsj Ljjll sjs ^ 

sJbj Aj| VI JCbjll j\ ^Uaxll Q\ Qa ^jll fjiC’ 

(jti nMl JUaijl ‘^laLdl ^ a*' ^Uial Cfi’ 


Because the bond of epoxy-coated bars or zinc and epoxy dual- 
coated bars is already reduced due to the loss of adhesion and lower 
coefficient of friction between the bar and the concrete, an upper 
limit of 1.7 is established for the product of the factors for top 
reinforcement casting position and epoxy-coated reinforcement or 
zinc and epoxy dual-coated reinforcement. The reinforcement size 
factor v|/s reflects the more favorable performance of smaller- 
diameter reinforcement. 


^bba^l iljb j‘l A^Uxoll d.la&Vl ^d^lj 

d.aliu Jailb dibai^l Ailull j.all 

J.al^^l 1,7 ‘ ^l.uj^lj Qa 

(3.41x4 (j iiSij,^j44Sjjjyi j fiijjii ji j (^^^ixii ^jiwiiii 

,jX4dVI jlaill (^ j j^VI f bVI 

The reinforcement location or casting position factor \|/( accounts for 
the position of the reinforcement in freshly placed concrete. The 
factor 1.3 is based on research (Jirsa and Breen 1981; Jeanty et al. 
1988). The application of the casting position factor should be 
considered in determination of development lengths for inclined 
reinforcement. 


^ ..1U ^ ^ U4^l (34l£ jl ..Itt (^1 , 

iJirsa and Breen 1981) *^^1 1.3 ^jLuijaJl 

Jljlai Jjixj UAdil jJaj4 J-ilft (jjjki jlajll .(Jeanty et al. 1988 

.Jjl-dl (lua^l 
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25.4.3 Development of standard hooks in tension 

^ 25.4.3 

25.4.3.1 Development length tdh for deformed bars in tension 
terminating in a standard hook shall be the greater of (a) through 
(c); 

Lilial ^ ^ ij\ u>\\\\ (di, il u - u il) Jjla 25.4.3.1 

:(C) (’*) o- 0^% 6' 


(a) 


^ 0.244 V|/,t|/,Vt/,^ 




with \|/„ \\ir, and k given in 25.4.3.2. 


(b) 8(1, 

(c) 150 mm 


COMMENTARY 

R25.4.3 Development of standard hooks in tension 

^ A.UjjL'fl ‘ R25.4.3 

R25.4.3.1 Study of failures of hooked bars indicate that splitting of 
the concrete cover in the plane of the hook is the primary cause of 
failure and that splitting originates at the inside of the hook where 
local stress concentrations are very high. Thus, hook development is 
a direct function of bar diameter dt, which governs the magnitude of 
compressive stresses on the inside of the hook. Only standard hooks 
(refer to 25.3.1) are considered, and the influence of larger bend 
radii cannot be evaluated by 25.4.3. 

jaJl ^Uaxll Je- 'Ukjja.all jU^l 3.^1 jJ Jjj R25.4.3.1 

L.AUa^l LuUJ .1 . ..a .yt ^ ‘ “j ^ ‘ 

jk ‘ ‘ kkuall 

, LiUa^l d^b ^ kjxakll i db 9j.uU.a 

j^b -jja' ‘ (25.3.1 diliUa^l JaAS jkill ^ 

.25.4.3 jaSVl 

The hooked bar anchorage provisions give the total hooked bar 
embedment length as shown in Table 25.3.1. The development 
length (dh is measured from the critical section to the outside end (or 
edge) of the hook. The effects of bar yield strength, excess 
reinforcement, lightweight concrete, and factors to reflect the 
resistance to splitting provided from confinement by concrete and 
transverse ties or stirrups are based on recommendations from ACI 
408.IR and Jirsa et al. (1979). 

^ jA LaS uuakill dj^^ 

j'*) ^J*^' i_^\ jkibl {dh I 'in n' t djla .25.3.1 

i ^Ijll j 1 c iji i"."'j alh^U 

Akrfjjljj naltt ^ ^jH.a t OJ.^^ 

Jirsa j ACI 408.1R c> biU^ajj liUlill ji 4.;uLjijaJl kjljjll 

.(et al. (1979 

A minimum value of tdh is specified to prevent failure by direct 
pullout in cases where a hook may be located very near the critical 
section. 

CjVt^l ^ d*^^ ^1 a1 todh .^1 ^ 

^kLbl (j.a IciUttkll CXS^ <.5^^ 
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25.4.3.2 For the calculation of (dh, modification factors shall be in 
accordance with Table 25.4.3.2. Factors \|/c and \|/r shall be 
permitted to be taken as 1.0. At discontinuous ends of members, 

25.4.3.3 shall apply 

.25.4.3.2 ISSj Jaljc O' ‘ (dh ijO-aJ 25.4.3.2 
lya ijMM JA ^ .1.0 tjji jijj 0't|/r J t|/C 

25.4.3.3 


Table 25.4.3.2—Modification factors for development 
of hooked bars in tension 


Modification 

factor 

Condition 

Value 

of 

factor 

Lightweight 

Lightweight concrete 

0.75 

X. 

Nonnalweight concrete 

1.0 

Epoxy 

Epoxy-coated or zinc and epoxy dual- 
coated reinforcement 

1.2 


Uncoated or zinc-coated (galvanized) 
reinforcement 

1.0 

Cover 

V.- 

For No. 36 bar and smaller hooks with side 
cover (normal to plane of hook) > 65 mm 
and for 90-degrec hook with cover on bar 
extension beyond hook > 50 mm 

0.7 


Other 

1.0 

Confining 
reinlb reement 

v.i-' 

For 90-degree hooks of No. 36 and smaller 
bars 

(1) enclosed along U* within tics or stir¬ 
rups''! perpendicular to f,/* at .v < iJi,, or 

(2) enclosed along the bar extension 
beyond hook including the bend within ties 
or stirrups''! perpendicular to f„, at .r < 3r//, 

0.8 

For 180-degrce hooks of No. 36 and 
smaller bars enclosed along C* within ties 
or stirrups''! perpendicular to U* at s < id). 



Other 

1.0 


''•The first tie or slimip shall enclose the bent portion of the hook within 2r4 of the 
outside of the bend. 

is the nominal diameterof the hooked bar. 


COMMENTARY 

R25.4.3.2 Unlike straight bar development, no distinction is made 
for casting position. The epoxy factor \|/e is based on tests (Hamad et 
al. 1993) that indicate the development length for hooked bars 
should be increased by 20 percent to account for reduced bond when 
reinforcement is epoxy coated. 

^ ‘ (.^R25.4.3.2 

O' c^' (1993 OJJ^'J •^) biljbii.'lfl JaUll 

1.4.1^ a ■tsa.k .'ll cjlalull ‘.'I ‘ ' 4Jl.dl 20 JjJj (2|' ‘ »lb4U £jl J.tsall 

The confining reinforcement factor \|/r is based on tests (Jirsa and 
Marques 1975) that indicate closely spaced ties at or near the bend 
portion of a hooked bar are most effective in confining the hooked 
bar. 

c^' Marques 1975) j (Jirsa biljLlkVl \|/r ^jiuull Jalc Jil-uj 

■ ^ f f O^ J' Ajjlilwll (^1 ijl] jwOj 

albeit i^ij.taai ^ ^Ui 

For construction purposes, this is not always practicable. The cases 
where the modification factor \|/r may be used are illustrated in Fig. 
R25.4.3.2a and R25.4.3.2b. Figure R25.4.3.2a shows placement of 
ties or stirrups perpendicular to the bar being developed, spaced 
along the development length (dh of the hook. Figure R25.4.3.2b 
shows placement of ties or stirrups parallel to the bar being 
developed along the length of the tail extension of the hook plus 
bend. The latter configuration would be typical in a beam-column 
joint. 

j R25.4.3.2u .LuU ljU& (jj^ Ija tfU4l 

Jiuill j^laj \|/r. JjJ*j 1| Jalft j»b a . tu 4l yjll Cj'!llaJlR25.4.3.2b 

d.^ljj.a 4 ^ iliUb jl ^4a^R25.4.3.2u 

ji lajljj jJaj R25.4.3.2b .LiliaiJl fdh lalll Jjla Jjla JiC. 

cilia^l JjJ JlJltl Jjlaj ^ AjJljls CjLjl£ 
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25.4.3.3 For bars being developed by a standard hook at 
discontinuous ends of members with both side cover and top (or 
bottom) cover to hook less than 65 mm (a) through (c) shall be 
satisfied; 

(a) The hook shall be enclosed along tdh within ties or stirrups 
perpendicular to tdh at s < 3^* 

(b) The first tie or stirrup shall enclose the bent portion of the 
hook within Idt of the outside of the bend 

(c) \|/r shall be taken as 1.0 in calculating tdh in accordance with 
25.4.3.1(a) 

where dt is the nominal diameter of the hooked bar 

^ ‘ Aiauljj I ^ ^ 4-ujUillj25-4-3-3 

^ . mm 65 pUa&j ^ 

0 ^ o' (s) (') 

s < <^ tdh j' ■Jajljj Cy^ tdh Jjia LiUaill jJajj (i) 

3db( 

^ LiUa^l 0^ Win') ^JjVl j) (3^' J o'(' t') 

(ilOaJV) JjLk O-" db 2 

J* db OuA (a)25.4.3.1 4 iisj (dh 1.0 -S yr ii.>i (j) 


COMMENTARY 



Fig. R25.4.3.2a —Ties or stirrups placed perpendicular to 
the bar being developed, spaced along the development 
length fdh- 



Fig. R25.4.3.2b —Ties or stirrups placed parallel to the bar 
being developed, spaced along the length of the tad exten¬ 
sion of the hook plus bend. 

R25.4.3.3 Bar hooks are especially susceptible to a concrete 
sphtting failure if both side cover (perpendicular to plane of hook) 
and top or bottom cover (in plane of hook) are small (refer to Fig. 
R25.4.3.3). With minimum confinement provided by concrete, 
additional confinement provided by ties or stirrups is essential, 
especially if full bar strength is to be developed by a hooked bar 
with such small cover. Cases where hooks may require ties or 
stirrups for confinement are at ends of simply-supported beams, at 
the free end of cantilevers, and at ends of members framing into a 
joint where members do not extend beyond the joint. In contrast, if 
the calculated bar stress is so low that the hook is not needed for bar 
anchorage, ties or stirrups are not necessary. This provision does not 
apply for hooked bars at discontinuous ends of slabs where 
confinement is provided by the slab on both sides and perpendicular 
to the plane of the hook 

^ ‘ UJ^R25.4.3.3 

^) ,j'Siii') ji flLkllj (LiUa^l jjljjui ^jlc, |j| 

J^) IJM (_^jSf) Jaj) ^ R.4.4.3.3) . Js^) j) (cilia^) 

4.t.dl.k tliUirn jl Jajljjll sjSjj ^^) (jL£ 

(IiV).^) .j4u^ fiJaC ^ fy " (J.a'.^) Ujulaill |j) 

dj.a£ll Qa ^ Cx3^ ^lUi) ^ j' .1^ 

^ ^^jLu ^_^) (j.a jaJi uijlall ^ 

‘.'J' lakuill |J) ^Ijj l-a Jlu V 

f '-" II'u nj' 

jjaaua ^ Aiauljj 

Liliil'l 
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25.4.4 Development of headed deformed bars in tension 
25.4.4.1 Use of heads to develop deformed bars in tension shall be 
permitted if conditions (a) through (g) are satisfied; 

(a) Bar shall conform to 20.2.1.3 

(b) Bar/;’ shall not exceed 420 MPa 

(c) Bar size shall not exceed No. 36 

(d) Net bearing area of head Abrg shall be at least 4Ai 

(e) Concrete shall be normalweight 

(f) Clear cover for bar shall be at least 2db 

(g) Clear spacing between bars shall be at least Mb 

^ 25.4.4 

^ Auill ^ .1 ..I; 25.4.4.1 

:(J) (') 

20 .2.1.3 uuJaa jaljli (i) 

JLLulj 420 fy jjIaiL V 

36 j»aj uiHaill Vi (j) 

4AbL)^Vl Abrg o^ijll tS^ AikL> yiLua (^ji (^) 

2db J^VI i-ia4i 1U ^Uall ^Uaafl 0^ oi 4'^ (J) 

4db ^ CiJ^ oi 'r‘^ (j) 


COMMENTARY 


Ties or 
stirrups 



Sectional Elevation 


Fig. R25.4.3.3—Concrete cover according to 25.4.3.3. 


R25.4.4 Development of headed deformed bars in tension 
R25.4.4.1 As used in this section, development describes cases in 
which the force in the bar is transferred to the concrete through a 
combination of a bearing force at the head and bond forces along the 
bar. In contrast, Chapter 17 anchorage provisions describe cases in 
which the force in the bar is transferred through bearing to the 
concrete at the head alone. 

^ ^ R25.4.4 

Jij ^ I i ^-<1 lit') ^ . <A.*..... ijii R25.4.4.1 

jj£j (Jjiijl) ^ i/aAj SjS I.;.t>4at,l) ^ Sjil) 

17 ^l^i i lillj ijA utaAjl\ _■ ij,>ia)l Jjla 

(jjiijll ijlc. J.ta.il) fjM i-.uJatl) ^ Sjill ^ ,^1 

Headed bars are limited to those types that meet the requirements of 
Class HA heads in ASTM A970 because a wide variety of methods 
are used to attach heads to bars, some of which involve significant 
obstructions or interruptions of the bar deformations. Headed bars 
with significant obstructions or interruptions of the bar deformations 
were not evaluated in the tests used to formulate the provisions in 
25.4.4.2. The headed bars evaluated in the tests were limited to those 
types that meet the criteria in 20.2.1.6 for Class HA heads. 

ASTM HA a^jjj i:jl.41al« ^) 

^) O'* \j^aj A970 

^ ^ ,Uiu4aiII ^ j) ^)^ 

uuiaill ^ tlilcOaLiV) ji ^)jxll Cj|j (jjiijl) 

.25.4.4.2 (J j»l.SaiVl ^U-al 
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COMMENTARY 

The provisions for headed deformed bars were formulated with due 
consideration of the provisions for anchorage in Chapter 17 and the 
bearing strength provisions of 22.8 (Thompson et al. 2005, 2006a). 
Chapter 17 contains provisions for headed anchors related to the 
individual failure modes of concrete breakout, side-face blowout, 
and pullout These failure modes were considered in the formulation 
of 25.4.4.2. The restrictions on the upper limit of 420 MPa for fy, 
maximum bar size of No. 36, and normalweight concrete are based 
on the available data from tests (Thompson et al. 2005, 2006a,b). 

For bars in tension, heads allow the bars to be developed in a shorter 
length than required for standard hooks (Thompson et al. 2005, 
2006a,b). The minimum limits on head size, clear cover, and clear 
spacing are based on the lower limits of these parameters used in the 
tests to establish the expression for tdt in 25.4.4.2. The clear cover 
and clear spacing requirements in 25.4.4.1 are based on dimensions 
measured to the bar, not to the head. The head is considered to be 
part of the bar for the purposes of satisfying the specified cover 
requirements in 20.6.1.3, and aggregate size requirements of 
26.4.2.1(a)(4). To avoid congestion, it may be desirable to stagger 
the heads. Headed bars with Abrg < AAb have been used in practice, 
but their performance is not accurately represented by the provisions 
in 25.4.4.2, and they should be used only with designs that are 
supported by test results under 25.4.5. These provisions do not 
address the design of studs or headed stud assemblies used for shear 
reinforcement. 

tilljb^VI ^ j_^l lUuijll (Iul£ 

Cuu .ha ^ 20.2.1.6 

ijfi 17 tlijU^I A^ljll al£lj.>ll ^ 2 ;jU 

17 Juaill .(2006a ‘Thompson et al. 2005) 22.8 (> J«^l 

jIa.1jVIj t^Luj^l “SU JAaII JaLAib iLL^I tliU 

“'j .25.4.4.2 JAill JaLuSh aift ^ .t^KunVIj - 

I^lj ‘ fy 420 lUiajjiall JjAll 

tliljUj^VI ^LIaII tliUl^l t 36 

1 Sjjitiudi tjUJaitll 5.^lj.(b ‘2006a ‘Thompson et al. 2005) 

A^L^I tliliUa^il ^ Laa 

(lUaillj (jnijll LujII JjJaJI jAkj .(b ‘2006a ‘Thompson et al. 2005) 

^ i»t-v*.....U ■■'ll t.'ll Lulll Jjl^l ijlC’ 4.AAial^l ^LaaIIj ^Uiial^l 

JCblill tliLllalaj 4^.nljll lUlaull AiuiLi .25.4.4.2 (dt J:!^ JjJaJil tliljbla^VI 

jjiij .(jjiijll (JaJj tujjiIaSlI ^IaaII JlujSfl 25.4.4.1 J^ljll 

20.6.1.3 ^‘I tliUUala ‘l^^ o^ljcSl t-UAdill iy> o^ljll 

ujC jaII ija c-u^til .(a) (4) 26.4.2.1 4 ,.,K1I ^a^I tliUHalaj 

lU^Ull ija Abrg <4Ab ^ ‘LuaI jll j‘bl'1 ^IaaIuI ^ 

‘25.4.4.2 iUjIu ^ V iA.4a«.1I 

dAA JjUaj V .25.4.5 jb^VI ‘La&AaII iIiLaiai^aII ^ laAfi 1 ^ ■.! ..t 
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25.4.4.2 Development length (dt for headed deformed bars in 
tension shall be the greatest of (a) through (c); 

^ ^ ‘jU M Jjla 25.4.4.2 


(a) 


' 0-19/>/ 

41: . 


, with v|/f given in 25.4.4.3 and value of 


fc shall not exceed 40 MPa 


(b) 8t/* 

(c) 150 mm 


R25.4.4.2 The provisions for developing headed deformed bars give 
the length of bar, tdt, measured from the critical section to the 
bearing face of the head, as shown in Fig. R25.4.4.2a. 

I {dt t uJalll Jjla (Jsfu R25.4.4.2 

.a R.4.4.4.2 

The upper hmit on the value of fc' in 25.4.4.2 for use in calculating 
(dt is based on the concrete strengths used in the tests (Thompson et 
al. 2005, 2006a,b). Because transverse reinforcement has been 
shown to be largely ineffective in improving the anchorage of 
headed deformed bars (Thompson et al. 2005, 2006a,b), additional 
reductions in development length, such as those allowed for 
standard hooks with additional confinement provided by transverse 
reinforcement in 25.4.3.2, are not used for headed deformed 
reinforcing bars. Transverse reinforcement, however, helps limit 
sphtting cracks in the vicinity of the head and for that reason is 
recommended. 


Jal^j {dt ^ 25.4.4.2 ' fc Xaj*j 

‘2006a ‘Thompson et al. 2005) cjljblkVl 

jj.^ ^ JbiS <121 Ciu „*'! 6' ^ .(b 

i2006a ‘Thompson et al. 2005) ch^\ 


^ ‘LuUaII lilli Jla i Jjla ^ 




'jLuia^ 


V ‘ 25.4.3.2 sjSjj (^jll 


‘tAkla ^ ^ JcLju i (iUj .CjiUjj 


Where longitudinal headed deformed bars from a beam or a slab 
terminate at a supporting member, such as the column shown in Fig. 
R25.4.4.2b, the bars should extend through the joint to the far face 
of the confined core of the supporting member, allowing for cover 
and avoidance of interference with column reinforcement, even 
though the resulting anchorage length exceeds (dt. 

fla i ijC’ ji 3j.9£ i IJ'-V .-'I ^ 

fjM tjl.ubt') Hu i R.4.4.4.2b 

‘ f'f'j fUaxIb Lu 1 .^^1 jHaxl SIjIU JjnH) 

.(dt 0 jU 1| Jajjll Jjla ^ ^jll i ^ 

Extending the bar to the far side of the column core helps to transfer 
compressive forces (as identified in a strut-and-tie model) that are 
likely to form in such a connection and improves the performance of 
the joint. 

LtS) JaliHuVI (j.4 4!*^^ ‘T4^4| Jjlu JcLuuj 

JI4 ^ JSnnl (^1 ^ (‘Uaj^lj CjLalfHl ^ jA 

.JinSn'l JUaiVI 
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Where closely spaced headed bars are used, the potential for 
concrete breakout failure exists. For joints as shown in Fig. 
R25.4.4.2c and R25.4.4.2d, concrete breakout failure can be 
precluded by providing anchorage length equal to or greater than 
<f/1.5 (Ehgehausen 2006b), as shown in Fig. R25.4.4.2c, or by 
providing reinforcement in the form of hoops and ties to establish a 
load path in accordance with strut-and-tie modeling principles, as 
shown in Fig. R25.4.4.2d. Strut-and-tie models should be verified in 
accordance with Chapter 23. Note that the strut-and-tie models 
illustrated in Fig. R25.4.4.2c and R25.4.4.2d rely on a vertical strut 
from a column extending above the joint. 


^ lj\A aJcLla jk*' <4*. .,1 ^ Ldjlc 

R25.4.4.2c jA IaS a u uhL 

Cfi- (J^ jIxjIjI 4 R25.4.4.2d j 

‘ (d / 1.5 (Eligehausen 2006b u-> j' JJl*:! 
jLui.a flAjY Cfi' ‘ R.4.4.4.2c 

,]^,4.4.4.2d jA LoS 4 iJjLalfAil J 4 ^Aa111 IaAj 

strut- >^0^0^ ,23 ^jlill ^jLu ^ 4_i^ 

Cilftj (_jlc A&iaj 25.4.4.2d j R.4.4.4.2c tS^' (A and-tie 

ALu Qji 


Beam-column joints at roof-level and portal frames are vulnerable to 
joint failure and should be properly detailed to restrain diagonal 
cracking through the joint and breakout of the bars through the top 
surface. 


“LJajxji (liljUalj ^lau4ll ijlc- Sj.4^1 - Jj.ajLll 4li|j d 4 .dU. 4 ll 

4U4.djll ^jla^l 4lll£A4^4ll kj**' 4lljl4^l 

jkll ^k44il) (J5ti ija ^jUJaill (jljjilj 


For cases where concrete breakout is not prevented, as shown in Fig. 
R25.4.4.2e, this failure mode should be considered in accordance 
with the provisions of Chapter 17 

^ ^443jA L 4 S 4^Lj1J^I ^1.4 ^ V ,^41 4 I 1 VUJI 

,17 d.aill Uij sJA jU^VI ‘ R.4.4.4. 2e 
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Critical section 


I- 

I 



I 


I 


Fig. R25.4.4.2a—Development of headed deformed bars. 



Fig. R25.4.4.2h—Headed deformed bar extended to far side 
of column core with anchorage length that exceeds [j,. 
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c 

I 


s d/1.5 




Headed deformed bar 


\ Strut 


t 


Note: Other reinforcement 
omitted for clarity. 


Fig. R25.4.4.2c—Breakout failure precluded in joint by 
keeping anchorage length greater than or equal to d/1.5. 



Fig. R25.4.4.2d—Breakout failure precluded in Joint by 
providing tran.sver.se reinforcement to enable a strut-and-tie 
mechanism. 
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25.4.4.3 Modification factor \|/<! in 25.4.4.2(a) shall be 1.2 for 
epoxy-coated or zinc and epoxy dual-coated bars and 1.0 for 
uncoated or zinc-coated (galvanized) bars. 

sisftiU a) 1.2) 25.4.4.2 JjAjH O' 25.4.4.3 

jl A.AIL 4 II 1,0 J *41511 ji A^Ulxoll 

,(5>^1&.a 11) iiUjlL 

25.4.5 Development of mechanically anchored deformed bars in 
tension. 

25.4.5 

.1*111 ^ * Ajjl^ ‘“'J,*'*'* 


COMMENTARY 



Fig. R25.4.4.2e—Breakout failure not precluded; Chapter 
17pmvisions applicable. 


R25.4.4.3 A 1.2 factor is conservatively used for epoxycoated 
headed deformed reinforcing bars, the same value used for epoxy¬ 
coated standard hooks. 

cjli i‘ji^v.'ll ^jluuli ^ 1.2 .<1.1 .iij R25.4.4.3 

.-.lalUltt ^ 1 . < 11 . *La^l ( Jjj^.u**5>jjjV 1 ^^Ic djljj.all 1 jj^.u**SjjjV1 

^LaILoII *tj. ..Ijalt 

R25.4.5 Development of mechanically anchored deformed bars in 
tension 

1*111 ^ tjSj*t<j.* ^5li«a (j*R25.4.5. 
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25.4.5.1 Any mechanical attachment or device capable of 
developing fy of deformed bars shall be permitted, provided it is 
approved by the building official in accordance with 1.10. 
Development of deformed bars shall be permitted to consist of a 
combination of mechanical anchorage plus additional embedment 
length of the deformed bars between the critical section and the 
mechanical attachment or device. 

4 2 *j\-V ..It 25.4.5.1 

^ 2 IjW ..U ,1.10 

^<j*l<j..U jl^ -v\t jj 

25.4.6 Development of welded deformed wire reinforcement in 
tension 

^ *J-V \iillwj ^jLyjJ 25.4.6. 

25.4.6.1 Development length td for welded deformed wire 
reinforcement in tension measured from the critical section to the 
end of wire shall be the greater of (a) and (b), where wires in the 
direction of the development length shall all be deformed D31 or 
smaller. 

(a) Length calculated in accordance with 25.4.6.2 

(b) 200 mm. 

^ *jt-v a\\ 4 u in\lj Jjia 0.^ ‘ 1-6-4-25 

^ 4^^ 4 ^4^^ J 4j.a iillwall ^IsLaII 4jA 4 Jj41^a1| AaaII ^ 

ji D31 Jjla 4 ^ 

25.4.6.2 JjJall (i). 

mm 200 (“) 


25.4.6.2 For welded deformed wire reinforcement, (d shall be 
calculated from 25.4.2.2 or 25.4.2.3, times welded deformed wire 
reinforcement factor \|/it> from 25.4.6.3 or 25.4.6.4. For epoxy- 
coated welded deformed wire reinforcement meeting 25.4.6.3, it 
shall be permitted to use t|/c = 1.0 in 25.4.2.2 or 25.4.2.3. 

‘y 4 ^ 2 *j\-v..tt 4jU'ij 25.4.6.2 

o^\|/w oJ^^' (JaIc liljAj 4 25.4.2.3 j' 25.4.2.2 

LilLdl fajalAll (ifcLASn juLaj £^LAja,l .25.4.6.4 j' 25.4.6.3 

25.4.2.2 4 ^ \|/e = 1.0 (alJaj-iL 4 ^ 14 ^ 4 25.4.6.3 

.25.4.2.3 ji 


COMMENTARY 

R25.4.5.1 Anchorage of deformed bars through the use of 
mechanical devices within concrete that do not meet the 
requirements in 20.2.1.6, or are not developed in accordance with 
25.4.4, may be used if tests demonstrate the ability of the head and 
bar system to develop or anchor the desired force in the bar, as 
described in this provision. 

42 )A ^jla.Ail 4 ^L'Ja.^) 4ll.Luj R25.4.5.1 

^ 4,^1 ji 4 20.2.1.6 4 ,^ 4llL'.'laTLA'b 4 ^ V 4^1 ^bjl 4 ^ A-lS^uLSAAi) 

'•''j;’'’'' ^Uijj 4 JaIjII 9j.^ ibljb^VI 4liul bl 4 25.4.4 tjllU Usj lAjjjlaj 

I 4 ^ jA b>£ 4 4 ^ 3Jill ^Lujl ji 


R25.4.6 Development of welded deformed wire reinforcement in 
tension 

4 ^ *j-v \ A 4 jjl^ iilLA ^aLaj 4iu^ R25.4.6. 

R25.4.6.1 ASTM A1064 for welded deformed wire reinforcement 
requires the same strength of the weld as required for welded plain 
wire reinforcement. Some of the development is assigned to welds 
and some assigned to the length of deformed wire 

5ja ^ A^Ajaldl ^>-41 dibASll j^j:4 ASTM A1064 441=22 R25.4.6.1 

4libalAii 4luj^l 4 jl=^ ^ ^J5U| 

liUuIl Jjlai AA.'ij 


R25.4.6.2 The welded deformed wire reinforcement factor \|/w is 
applied to the deformed wire development length calculated from 

25.4.2.2 or 25.4.2.3. Tests (Bartoletti and Jirsa 1995) have indicated 
that epoxycoated welded deformed wire reinforcement has 
essentially the same development and splice strengths as uncoated 
welded deformed wire reinforcement because the cross wires 
provide the primary anchorage for the wire. Therefore, \|/c of 1.0 is 
used for development and splice lengths of epoxy-coated welded 
deformed wire reinforcement with cross wires within the splice or 
development length. 

4 iu^ 4^1^ \{rw 2 *j\a ..tt iil^bAVl ^aLaj 43 ^1=^ R25.4.6.2 
j Bartoletti) biljb2iVI 4bjbAi .25.4.2.3 j' 25.4.2.2 4 > 4 jjl^' 

4j4JiL4dii (J f uA j Aa^^^XaII (JXaaaII 4^AA£^j2Xiyi i5\* II ^aLaj 4^i 4^1 ^Jirsa 1995 
‘45bASh tfi 2 aIxaaaII iil5bASh ^aLaj 4,pA lajjll 4iuj^| 4jAi2 

4lujj2ll (3^1 4jA 1,0 4jA \j/^ ^ 4iiliXl 4^bASh ‘"'y"'"* J^j2 A^b^JAil 

A«bl a'a lilsbjii ^ AujiSjjj) 2jAij ‘ aUa'I j a ' a'I 4li5bd^l Jljlaij 

,4lujj2h Jjia ji ALd^l (JXb 
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25.4.6.3 For welded deformed wire reinforcement with at least 
one cross wire within td that is at least 50 mm. from the critical 
section, \|/h> shall be the greater of (a) and (b), and need not exceed 
1 . 0 ; 


d.^lj ^ nl ^ t jj La^ 25.4.6.3 

O' ‘ Cy> mm 50 OJ^ td 0^ 

:1.0 O' (b) j (a) o» \|nv Oj^ 


(a) 


/..-240 


(b) 




25.4.6.5 Where any plain wires, or deformed wires larger than 
D31, are present in the welded deformed wire reinforcement in 
the direction of the development length, the reinforcement shall 
be developed in accordance with 25.4.7. 


(J ‘ D31 0- diUi ji ^Jlc. dlUi jjAj 25.4.6.5 

.25.4.7 


25.4.6.6 Zinc-coated (galvanized) welded deformed wire 
reinforcement shall be developed in accordance with 25.4.7. 


J llfij ^ *aU a\\ ^ 25.4.6.6 

25.4.7 

25.4.7 Development of welded plain wire reinforcement in tension 

1^1 ^ *j-v \iillwj ‘"'y'"' 25.4.7. 


COMMENTARY 


R25.4.6.3 Figure R25.4.6.3 shows the development requirements for 
welded deformed wire reinforcement with one cross wire within the 
development length. 


.ifcLAVl jlaLaL CAalill iiiUkL. R25.4.6.3 om R25.4.6.3 

Jjla AjiiaUla ^ M 


-^50 mm 
min. 



Critical 

section 


I 



I 

£ij s 200 mm-J 


Fig. R25.4.6.3—Development of welded deformed wire 
reinforcement. 


R25.4.6.5 Deformed wire larger than D31 is treated as plain wire 
because tests show that D45 wire will achieve only approximately 
60 percent of the bond strength in tension given by Eq. (25.4.2.3a) 
(Rutledge and DeVries 2002). 

ov D31 6« J^sSri JJJKaII dlUSn ^ JaULUI R25.4.6.5 

^ ^LaII ^ 50 D45 if ij^ lilt jLa^VI 

Eq. (25.4.2.3a) (Rutledge and DeVries 2002) 


R25.4.7 Development of welded plain wire reinforcement in tension 

filLyj ‘ .R25.4.7 
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25.4.7.1 Development length td for welded plain wire 
reinforcement in tension measured from the critical section to the 
outermost cross wire shall be the greater of (a) and (b) and shall 
require a minimum of two cross wires within td. 

(a) Length calculated in accordance with 25.4.7.2 

(b) 150 mm. 

Qm ^ 4 u in lb Cx3^ 25.4.7.1 

ijA i-lUat'jj ^1)^ j ija .auVI i5'i n't i^\ ^JaLoll 

fd Jib qiSLji 

25.4.7.2 Jjlall (i). 

mm 150 (“) 


COMMENTARY 

R25.4.7.1 ASTM A1064 for welded plain wire reinforcement 
requires the same strength of the weld as required for welded 
deformed wire reinforcement. All of the development is assigned to 
the welded cross wires; consequently, welded plain wire 
reinforcement requires at least two cross wires. 

Sji lilUll ASTM A1064 R25.4.7.1 

AaIsUIaII iil5Ljj5U J^ b iillwj ^1^^ ^ 

QiaiaUla i libLjiSlI ^ ^UUbj ..j-v'a'I 

jiSri 


25.4.7.2 frf shall be the greater of (a) and (b): 
(a) spacing of cross wires + 5 mm. 


rW J (') c> ai% O' td 25.4.7.2 
.5 mm + Ajiialildl ii!5l.uS!l 0^ 


(b) 3.3 


f /.. ] 


Ux/tJ 

IJ 


, where s is the spaeing between the 


wires to be developed, and k is given in Table 25.4.2.4. 


R25.4.7.2 Figure R25.4.7.2 shows the development requirements for 
welded plain wire reinforcement with development primarily 
dependent on the location of cross wires. 

For welded plain wire reinforcement made with small wires, an 
embedment of at least two cross wires 50mm. 
or more beyond the point of critical section is adequate to develop 
the full yield strength of the anchored wires. However, for welded 
plain wire reinforcement made with larger closely spaced wires, a 
longer embedment is required with the development length 
controlled by 25.4.7.2(b). 


cjUkb R25.4.7.2 js-iJl ai*i R25.4.7.2 

JjVI ^ Xajuj duu ^ i 

jjSr.. ^ ^ na ^ ^j-v \a 

mm. 50 (jjxlalib 

JalSil USlS ^ ji 

4 c ..tt *j.v t ■'U liliuJl 4 u in lb t lilij 

.(b) 25.4.7.2 ilu-uTil) Jjla ^ ^ tjjAin'i" Jjlai i jjS j.aSll t^ilhru 




1 

-*-50 mm-^i/ 

min. ^ 

1 

1 

— Critical 
section 


1 

1 

-> 150 mm-w 



Fig. R25.4.7.2—Development of welded plain wire 
reinforcement. 
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25.4.8 Development of pretensioned seven-wire strands in tension 

^ Au d^Luii AaxuiII 1“^;" 25‘4‘8 


COMMENTARY 

R25.4.8 Development of pretensioned seven-wire strands in 
tension —Development requirements for pretensioned strand are 
intended to provide bond integrity for the strength of the member. 
Provisions are based on tests performed on normalweight concrete 
members with a minimum cover of 50 mm. These tests may not 
represent the behavior of strand in no-slump concrete. Concrete 
placement operations should ensure consolidation of concrete 
around the strand with complete contact between the steel and 
concrete. 

diUlIala ijM ^ R25.4.8 

V -12 .mm 50 U* “il (lUiafti Ijlc- 

^ ^ . ..j4U 

The bond of strand is a function of a number of factors, including 
the configuration and surface condition of the steel, the stress in the 
steel, the depth of concrete beneath the strand, and the method used 
to transfer the force in the strand to the concrete. 

4 t ,i'l liUj ^ Laj t J.aljxll JJaf ^ 

djlll Jill i J ^ JV.^1 ^ 

jadl iJjLill ^ 

For bonded applications, quality assurance procedures should be 
used to confirm that the strand is capable of adequate bond (Rose 
and Russell 1997; Logan 1997). The precast concrete manufacturer 
may rely on certification from the strand manufacturer that the 
strand has bond characteristics that comply with this section. 

JSLiU <4*. „1 44ja^j.>h 

.(1997 ■ 1997 jjj) 9j.ili Jjtill 

^ 

lit') IIa ^ iajj 

This section does not apply to plain wires, to endanchored tendons, 
or to unstressed strand. The development length for plain wire could 
be considerably greater due to the absence of mechanical interlock. 
Flexural bond failure would occur with plain wire when first slip 
occurred. 

Jjlil) ^ ji 41^) ii)j ii!!Llil) ^ ji ^Jl*l) diUSi) jiaid) )jA V 
I ^ 1 ^ 11 . 1^1 jj^ ^jUJ) ii'^fwiSl) '"'jf' OJ^ .*'4*1. 

.JjV) iilLyj ^ plu^V) II <j.. 

Unstressed prestressing steel is sometimes used as integrity 
reinforcement in precast concrete structures; however, there are 
limited data available regarding the bond length required to ensure 
development of the yield strength of the reinforcement (Salmons and 
McCrate 1977). 

4 nSl. iiU ^j.444.a'| 4 ^ -v^l) 4 .1.1 n)t JV.^11) ^41, ..t UL^i 

l..a^ 4^114 d4j4^ lilUA tiilij lui^l 4a^i..iA 

McCrate j Salmons) ^jUJal Sjjlkal) Jajljjl) 

.(1977 
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25.4.8.1 Development length frf of pretensioned sevenwire strands 
in tension shall be in accordance with (a) and (b): 

^ UJ^ td Jjla 25.4.8.1 

:(u,) 


(a) (-j = 


(f ^ 

J se 

+ 

1 

N._ 

Uij 


1 7 j 




(25.4.8.1) 


(b) If bonding of a strand does not extend to end of member, and 
design includes tension at service loads 

^ llu uijla ^ Ij| (u) 

25.4.8.2 Seven-wire strand shall be bonded at least td beyond the 
critical section except as provided in 25.4.8.3. 

fLuldib (d ^ 25.4.8.2 

.25.4.8.3 jA L> 

25.4.8.3 Embedment less than td shall be permitted at a section of 
a member, provided the design strand stress at that section does 
not exceed values obtained from the bilinear relationship defined 
byEq. (25.4.8.1). 

Vi la jJu I La jbaft LH ^kla td O^J*4!L (^i 25.4.8.3 

^ ^ ^laLall lillj djl£ 

.(25.4.8.1) 3ia-ilJJ a^Lull 


COMMENTARY 

R25.4.8.1 The first term in Eq. (25.4.8.1) represents the transfer 
length of the strand, that is, the distance over which the strand 
should be bonded to the concrete to develop the effective prestress 
in the prestressing steel, fse. The second term represents the 
additional length over which the strand should be bonded so that the 
stress in the prestressing steel at nominal strength of the member, fps, 
may develop. 

d Jii Jjla (25.4.8.1) JjSri jLlk^l R25.4.8.1 

Jbilll ‘‘'d' J^i CH ^Ljij^L 44.0^1 Jajj ,^1 

44.^411 Jajj ^L4VI Jjlah ^^.a^ |,gi t^^jUxall jV.^1 

4j.aajiVI ajilL ^Jaajaall JVjS ^ (ji 4 j 

Exploratory tests (Kaar and Magura 1965) that studied the effect of 
debonded strand (bond not permitted to extend to the ends of 
members) on performance of pretensioned 

ijLjijj (Kaar and Magura 1965) ^LiS4aiVl LiljLliVl 
^ ((aUaftVl LiLl^j Ji«j d jUi) dcbonded strand 

4j|l4h )abi 

R25.4.8.3 Figure R25.4.8.3 shows the relationship between steel 
stress and the distance over which the strand is bonded to the 
concrete represented by Eq. (25.4.8.1). This idealized variation of 
strand stress may be used for analyzing sections within the 
development region (Martin and Korkosz 1995; PCI MNL 120). The 
expressions for transfer length and for the additional bonded length 
necessary to develop an increase in stress of {fps - fse) are based on 
tests of members prestressed with clean, 6.4.9.5 ,and 12.7 mm. 
diameter strands for which the maximum value of fps was 1900 MPa 
(Kaar and Magura 1965; Hanson and Kaar 1959; Kaar et al. 1963). 

L4jj JiLuiillj u4.all jL^aI R25.4.8.3 lSS4J1 R25.4.8.3 

^ ^l444yj| .(25.4.8.1) AlLuil ^Luj411j JjI£ 

Martin and Korkosz ) 4Sla4> J4b JUijVl 

JUiVl Jjkllj Ja 41 4.^1411 iub .(PCI MNL 120 H995 

4l^.^yL ^j)<.nn't cj|jL;i4l (fp^ ' ^ >4ljJ ‘^j5UI 

1900 fps 4.4^1 biiL 4^ . 12.7 mm, 9.5. 4 

^Hanson and Kaar 1959 s Kaar and Magura 1965) Jl4-Ll^ 

.(Kaar et al 1963 
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25.4.9 Development of deformed bars and deformed wires in 
compression 

JaliLuijVI ^ i ‘jU ..'I ‘'"f' 25.4.9 

25.4.9.1 Development length tdc for deformed bars and deformed 
wires in compression shall be the greater of (a) and (b) 

(a) Length calculated in accordance with 25.4.9.2 

(b) 200mm. 

^ ^ ;jU a'i i ‘jl'v a'i Jjla 25.4.9.1 

.(“) J (') (> 

25.4.9.2 JjWl (i) 

mm200 (“) 

25.4.9.2 tdc shall be the greater of (a) and (b), using the 
modification factors of 25.4.9.3; 


j»lJa4uib 1 (b) j (a) O' h^tdc 25.4.9.2 

25.4.9.3 


(a) 


^ 0.24,/;,v, ^ 


^41- 

(b) 0.043/;,y,^//, 


25.4.9.3 For the calculation of tdc, modification factors shall be in 
accordance with Table 25.4.9.3, except \|/r shall be permitted to be 
taken as 1.0 


La i 25.4.9.3 Oi^ O' 


. tdc 25.4.9.3 

t -1 ^Laadill i_a^ 4ji Ijc 


COMMENTARY 



ia = distance from free end of strand 

Fig. R25.4.8.3—Idealized bilinear relationship between 
steel stress and distance from the free end of strand. 


R25.4.9 Development of deformed bars and deformed wires in 
compression 

JaULualVI ^ J:jU tl. „9lj 4 :ju .ft J^i.>ia'l C1 u^K25.4.9 

R25.4.9.1 The weakening effect of flexural tension cracks is not 
present for bars and wires in compression, and usually end bearing 
of the bars on the concrete is beneficial. Therefore, shorter 
development lengths are specified for compression than for tension. 

^ lifiLjiSlIj 0'^4aiU l^LLa lull ciiauill jjjUII V R25.4.9.1 

^liH flj iiillil ,1l^ ^LujiJI (jUOalll ^l^j CxA ‘ laliuilVI 

.lull ijA 1*» Jljlal 


R25.4.9.2 The constant 0.043 has units of mm^/N. The term k is 
provided in the expression for development in 25.4.9.2 recognizing 
that there are no known test data on compression development in 
lightweight concrete but that splitting is more hkely in lightweight 
concrete. 


^ X^tUa^aiall jAjfi .mm^/N u-> bilii.j ^^0.043 *^1^' R25.4.9.2 

a^jjxa ciljjfi'Vl ^ 25.4.9.2 

^Lyuj^l fjk IIa U^J ^Lyuj^l ^ 


R25.4.9.3 The development length may be reduced 25 percent when 
the reinforcement is enclosed within closely spaced spirals, ties, or 
hoops 

L4.ij& ^L4ll ^ 25 ^ 4k R25.4.9.3 

CjliLbuAll ji ji 
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Table 25.4.9.3—Modification factors for deformed 
bars and wires in compression 


Modification 

factor 

Condition 

Value of 

factor 


Lightweight concrete 

0.75 

Lightweight 

X 

Lightweight concrete, if/„ is 
specified 

In accordance 
with 19.2.4.3 


Normalwcight concrete 

1.0 

Confining 

reinforcement 

Vr 

Reinforcement enclosed within (1), 
(2), (3), or (4): 

(1) a spiral 

(2) a circular continuously wound tie 
with dh>() mm and pitch 100 mm 

(3) No. 13 bar or MDl 30 wire ties in 
accordance with 25.7.2 spaced < 100 
mm on center 

(4) hoops in accordance with 25.7.4 
spaced < 100 mm on center 

0.75 


Other 

1.0 


25.4.10 Reduction of development length for excess reinforcement 

in') ilufui) 25.4.10 

25.4.10.1 Reduction of development lengths defined in 25.4.2.1(a), 
25.4.3.1(a), 25.4.6.1(a), 25.4.7.1(a), and 25.4.9.1(a) shall be 
permitted by use of the ratio (As,required)/(As,provided), except 
where prohibited by 25.4.10.2. The modified development lengths 
shall not be less than the respective minimums specified in 
25.4.2.1(b), 25.4.3.1(b), 25.4.3.1(c), 25.4.6.1(b), 25.4.7.1(b), and 
25.4.9.1(b). 

25.4.3.1 j (i) 25.4.2.1 ^ c—425.4.10.1 

L^) (i) '25.4.9.1 j (i) 25.4.7.1 j (i) 25.4.6.1 j (i) 

.25.4.10.2 1^) / 

J (b) 25.4.2.1 Lu.lll rijjn't Jljlai Vi 

25.4.9.1 j (b) 25.4.7.1 j (b) 25.4.6.1 j (c) 25.4.3.1 j (b) 25.4.3.1 

)-^) 


COMMENTARY 


R25.4.10 Reduction of development length for excess Reinforcement 

SJbjl bij-Lul) Jjla R25.4.10 

R25.4.10.1 A reduction in development length is permitted in limited 
circumstances if excess reinforcement is provided. 

.ijlj jjSjj j»j lit Jjla JaJb R25.4.10.1 


672 


















CODE 

25.4.10.2 A reduction of development length in accordance with 
25.4.10.1 is not permitted for (a) through (e). 

(a) At noncontinuous supports 

(b) At locations where anchorage or development for fy is required 

(c) Where bars are required to be continuous 

(d) For headed and mechanically anchored deformed reinforcement 

(e) In seismic-force-resisting systems in structures assigned to 
Seismic Design Categories D, E, or F 

.(Jk) (i) 25.4.10.1 6- 25.4.10.2 

.lie fy j! ^ ^ 

2 .lU ^ . JJVjll ^ ^ 

F ji E ji D 6- 


25.5—Splices 
25.5.1 General 


Ci'Xi>^jp2s 25.5 


j.1* 25.5.1 


COMMENTARY 


R25.4.10.2 The excess reinforcement factor {As,required! As,provided), 
applicable to deformed bars without heads, is not applicable for 
headed bars where force is transferred through a combination of 
bearing at the head and bond along the bar. Concrete breakout due to 
bearing at the head was considered in developing the provisions of 
25.4.4. Because the concrete breakout strength of a headed bar is a 
function of the embedment depth to the 1.5 power (refer to Eq. 
(17.4.2.2a)), a reduction in development length with the application 
of the excess reinforcement factor could result in a potential concrete 
breakout failure. 

A^\£’ V R25.4.10.2 

i ijujjj QjJ d ijU „ tl i 

^ jjintl) Jjla 4J3JIjllj jll ^ ^ ^ijill 

(jV Ijlu .25.4.4 I'ljj" ijc- jll i.ijnij 

j) 1.5 ^ 0 “jidi (J.!*! ^ jS2 I—tuAth 

in') d.al£ (jjJaj ^ I'ljj n't Jjla O'^ ‘ ((<ll7.4.2.2) 

jll 

Where a flexural member is part of the seismic-forceresisting- 
system, loads greater than those anticipated in design may cause 
reversal of moment at supports; some positive reinforcement should 
be fully developed into the support. This anchorage is required to 
ensure ductile response in the event of serious overstress, such as 
from earthquake or blast. It is not sufficient to use more 
reinforcement at lower stresses. 

JLo^VI ^ ^^ 4 axll LaJjc 

l^faxq ‘ ijC’ ^JilU Ujilliul ‘lilli ijA 

"I (jLoJal ujlla^ ‘"V.'’'''" d.>l£ 

.Jii 

The reduction factor based on area is not to be used in those cases 
where anchorage development for full fy is required. For example, the 
excess reinforcement factor does not apply for development of 
shrinkage and temperature reinforcement according to 24.4.3.4 or for 
development of reinforcement provided according to 8.7.4.2, 8.8.1.6, 
9.7.7, and9.8.1.6. 


^ ^Lji.41 jSjj.41 J.al£ ..1 fjifu V 

d.al£ V Jj; ‘ “ ,fy pLujYl 

8.7.4.2 4 lifij ji 24.4.3.4 4 llfij djlj^l ^L4 SjV1 

.9.8.1.6j‘9.7.7 J‘8.8.1.6j‘ 


R25.5—Splices 


25.5 


R25.5.1 Lap splice lengths of longitudinal reinforcement in columns 
should be calculated in accordance with 10.7.5, 18.7.4.3, and this 
section. 


J i^j Ijiii-t' (jl ^ iy> Jljlai R25.5.1 

. 18.7.4.3 ‘ 10.7.5 
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25.5.1.1 Lap splices shall not be permitted for bars larger than No. 
36, except as provided in 25.5.5.3. 

i 36 (iH (jLuratll (JilJjll V 25.5.1.1 

.25.5.5.3 jA La 

25.5.1.2 For contact lap splices, minimum clear spacing between 
the contact lap splice and adjacent splices or bars shall be in 
accordance with the requirements for individual bars in 25.2.1. 

JaJl (ji% o' 4*^ ‘ A.UJU.1L 25.5.1.2 

‘-'I ;'L'; A ^ Usljla j\ Cj5L.dj 

.25.2.1 J 

25.5.1.3 For noncontact splices in flexural members, the 
transverse center-to-center spacing of spliced bars shall not 
exceed the lesser of one-fifth the required lap splice length and 

150mm. 

JcbUll ‘ ^LuVI ^ ^ 25.5.1.3 

150 

.mm 


25.5.1.4 Reduction of development length in accordance with 
25.4.10.1 is not permitted in calculating lap sphce lengths. 

Jljlai ^ 25.4.10.1 4 lisj (lu^l V 25.5.1.4 

.JilJill 


25.5.1.5 Lap splices of bundled bars shall be in accordance with 
25.6.1.7. 

.25.6.1.7 ^Ijla 4*Aa.all JllJlll ih'Xuaj (J 25.5.1.5 


25.5.2 Lap splice lengths of deformed bars and deformed wires in 
tension 


3j jla^l (ifcLjiSflj ^jLiOatl) (jj (JilJSll Jljlai 25.5.2 


COMMENTARY 

R25.5.1.1 Because of lack of adequate experimental data on lap 
sphces of No. 43 and No. 57 bars in compression and in tension, lap 
sphcing of these bar sizes is prohibited except as permitted in 
25.5.5.3 for compression lap splices of No. 43 and No. 57 bars with 
smaller bars. 


^ ‘ R25.5.1.1 

iajjll i j JakJa,') ^ 57 ^JJ 43 (jLwaAl) 

57 43 tiklJill JjAfljj biiLajl 25.5.5.3 *4 ja U (iLulyiL 


R25.5.1.3 If individual bars in noncontact lap splices are too widely 
spaced, an unreinforced section is created. Forcing a potential crack 
to follow a zigzag line (5-to-l slope) is considered a minimum 
precaution. The 150 mm. maximum spacing is added because most 
research available on the lap splicing of deformed bars was 
conducted with reinforcement within this spacing. 


isrjjA ALalall ^ (jLuraAl) tluLS lij R25.5.1.3 

Ja^ jAAa.4 ^ i tliliLuu 

^Ull JcUih ^Lbal ^ LJaLu.-\) (1 fJS 5 J^) ^J*4a 

d II i jSjIaII fiaxA ifi 150 mm 

.JcLaII 9JA ijA^ ^jL "''I ^ 


R25.5.1.4 The development length td used to obtain lap length 
should be based on fy because the splice classifications aheady 
reflect any excess reinforcement at the sphce location; therefore, the 
factor from 25.4.10.1 for excess As should not be used. 


Jjla . 'A*;, ,,..'1 ■'•ij A'lt Jjla 0* R25,5,1.4 

AjIj ^jL. 1*, t**! i^fify ^jaLujI 

.jijiljj (ji 'i LoS (jijii iifi- 25.4.10.1 (> 


R25.5.2 Lap splice lengths of deformed bars and deformed wires in 
tension 

idJ!^ jjjtint/j jjjinttl(jUuaiUih'tXiAajjl Jilllll JlR25.5.2 
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25.5.2.1 Tension lap splice length tst for deformed bars and 
deformed wires in tension shall be in accordance with Table 
25.5.2.1, where fdshall be in accordance with 25.4.2.1(a). 

i ‘j'-v .-'1 £jiJjla 25.5.2.1 

25.4.2.1 -1 td . 25.5.2.1 4JU J ^>-*11 

.(a) 


Table 25.5.2.1—Lap splice lengths of deformed 
bars and deformed wires in tension 


^t^travutrd^^'-fequirft^ ^ 

over len^h of splice 

Maximum 
percent of A, 
spliced within 
required lap 
length 

Splice 

type 


L, 

>2.0 

50 

Class A 

Greater 

of: 

I.Ofjand 
300 mm 


100 

Class B 

Greater 

l.3Land 

<2.0 

All cases 

Class B 

of: 

300 mm 


^’’Ratio of area of reinforcement provided to area of reinforcement required by analysis 
at splice location. 


25.5.2.2 If bars of different size are lap spliced in tension, (st shall 
be the greater of td of the larger bar and tst of the smaller bar. 

1 lull 4jaj|jlall J^lJjll 4.aljAull i^li ^UJalll ilul£ lit 25.5.2.2 

i.ijilil'l iy> (j j^Vl i.ijirit'i ^ {d j^l 


25.5.3 Lap splice lengths of welded deformed wire reinforcement 
in tension 

a4i 1| jaldl jlaull liCiLuiU ^jlall Ji,lJill Jljlai 25.5.3 

25.5.3.1 Tension lap splice length tst of welded deformed wire 
reinforcement in tension with cross wires within the lap splice 
length shall be the greater of l.Ztd and 200 mm., where td is 
calculated in accordance with 25.4.6.1(a), provided (a) and (b) are 
satisfied; 

(a) Overlap between outermost cross wires of each reinforcement 
sheet shall be at least 50 mm. 

(b) Wires in the direction of the development length shall all be 
deformed D31 or smaller 

^ Jjluall in'l lillu ^ 25.5.3.1 

‘ 200 mm J tdl.3 O* JilJill Jjla (JaJs ^ulalila (iliLjii ^ Ak^l 

:Q>4alj (ij) J (i) hjJu i (a) 25.4.6.1 4 lisj ind 
50 mm jjfuj tS^ liCiuSfl JilJill jjjSj (i) 

.JaSri 

D31 0^ tlu^l Jjla tl^l ^ libluiVI Cxs^ ('-h) 

25.5.3.1.1 If 25.5.3.1(a) is not satisfied, fsishall be calculated in 
accordance with 25.5.2 

25.5.2 4 'Uaj ‘ (i) 25.5.3.1 fh j4 iJl 25.5.3.1.1 


COMMENTARY 

R25.5.2.1 Lap splices in tension are classified as Class A or B, with 
length of lap a multiple of the tensile development length td 
calculated in accordance with 25.4.2.2 or 25.4.2.3. The two-level lap 
sphee requirements encourage splicing bars at points of minimum 
stress and staggering splices to improve behavior of critical details. 
For the purpose of calculating td for staggered splices, the clear 
spacing is taken as the minimum distance between adjacent sphees, 
as illustrated in Fig. R25.5.2.1. The tension lap sphee requirements 
encourage the location of splices away from regions of high tensile 
stress to locations where the area of steel provided is at least twice 
that required by analysis. 

tlA® ‘ B ji A ^j4l (> ijc- lull yi (JilUll iUuajj uiluaj R25.5.2.1 
^&.ujj. 25.4.2.3 25.4.2.2 4 liij ^ju^ {d I'lj.i" Jjla AicUlu J^IHll 

It^l ^ ^iSlI liil ialll lie jl;' jbjluall ilili J^IHll ^3^ iliUHala 

Al^lllall (liUajljlU luLu^ .Al^lll Jj^lilll liljiu jju&Hl jAloll Jajljlllj 

^ lu£ 1 SjjIauII tliUjUllI ju Ullll ^Luoll 4Ji ^^1^1 ICblll i^i ^ i 

li^ Uj44l J^IHll (iiLAlala ‘ "I .R25.5.2.1 J^^l 

ySlI iv^l SaIuu jjS2 ^1 jSUSri Jt\ lill <^Ull l4Jl Jlali. jc. 



Fig. R2S.S.2.I—Clear spacing oflap-spliced bars for deter¬ 
mination oftifor .staggered splices. 

R25.5.3 Lap splice lengths of welded deformed wire reinforcement 
in tension 

lAll ^ jlaull 4ujalAl (il5lu5U ^jkll JilUll JljJai R25.5.3 

R25.5.3.1 Splice provisions for welded deformed wire 
reinforcement are based on available tests (Lloyd and Kesler 1969). 
Lap splices for welded deformed wire reinforcement meeting the 
requirements of this provision and 25.5.3.1.1 are illustrated in Fig. 
R25.5.3.L If no cross wires are within the lap length, the provisions 
for deformed wire apply. 

^1 LajaAall ^Jlaull iil5fuSll Jj^jlll llluj R25.5.3.1 

25.5.3.1 '-»s .(Lloyd and Kesler 1969) ^1141 cjljUliVI 

j lift (liUUala ,_^l (A5LjiSlb Lajai^ll ^Aull 1 ljU »lt tli^U^jjll 

liliull (jAalj tj^lilll J^ ^ 4ji!allla iil5Lui ^ .25.5.3.1.1 

. jjlaull 
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25.5.3.1.2 If 25.5.3.1(b) is not satisfied, (st shall be calculated in 
accordance with 25.5.4. 

.25.5.4 -1 iaij . (u) 25.5.3.1 ^ 1^! 25.5.3.1.2 

25.5.3.1.3 If the welded deformed wire reinforcement is zinc- 
coated (galvanized), tst shall be calculated in accordance with 
25.5.4. 

i (<Uil^) iiljjll fjA ^..j-v \A jjW ..It ..iu |jl 25.5.3.1.3 

.25.5.4 4 laajfsi 41 -^ O' 


25.5.4 Lap splice lengths of welded plain wire reinforcement in 
tension 

i‘‘ll J Aj-\ IA 4.i.> (J/jJal 25.5.4 


COMMENTARY 

50 mm 
["* min. 

4 • • 

--^ 200 mm — 

(a) Section 25.5.3.1a 


Same as deformed wire (25.5.2) 

(b) Section 25.5.3.1.1 

Fig. R25.5.3.1—Lap .splices of welded deformed wire 
reinforcement. 

R25.5.3.1.2 Where any plain wires, or deformed wires larger than 
D31, are present in the welded deformed wire reinforcement in the 
direction of the lap sphce or where welded deformed wire 
reinforcement is lap spliced to welded plain wire reinforcement, the 
reinforcement should be lap spliced in accordance with the plain 
wire reinforcement lap splice requirements. Deformed wire larger 
than D31 is treated as plain wire because tests show that D45 wire 
will achieve only approximately 60 percent of the bond strength in 
tension given by Eq. (25.4.2.3a) (Rutledge and DeVries 2002). 

‘ D31 j\ hlc. R25.5.3.1.2 

(jjSa tajjc ji ^ i ',jW a\{ ^ 

i ^ ..j-v \A ^ 2 *j\-v ..\t 

^ ^ CjUIialAl ^* nil 

(jAa-uj D45 41 Lji (f\ (fi iiS D31 

Eq. (25.4.2.3a) ^ lajjll 5ja 54 4 jUJi ^ go 

.((Rutledge and DeVries 2002 

R25.5.4 Lap splice lengths of welded plain wire reinforcement in 
tension 

liliLuii ijA 4jjla.4ll JilJjll Jljlai R25.5.4 
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25.5.4.1 Tension lap splice length tst of welded plain wire 
reinforcement in tension between outermost cross wires of each 
reinforcement sheet shall be at least the greatest of (a) through (c); 

iillwj ^ CxS^ 0^ 25.5.4.1 

■(^) (0 ^ Jil JuVl jl^l C}ii 

(a) s + 50 mm. 

(b) l.Std 

(c) 150mm. 

where s is the spacing of cross wires and td is calculated in 
accordance with 25.4.7.2(b). 

.(b) 25.4.7.2 4 Usj {d ^uiaUlah (ibLuSlI Cm '^441 ^ § Cii^ 


COMMENTARY 

R25.5.4.1 The strength of lap splices of welded plain wire 
reinforcement is dependent primarily on the anchorage obtained 
from the cross wires rather than on the length of wire in the splice. 
For this reason, the lap is specified in terms of overlap of cross wires 
(in inches) rather than in wire diameters or length. The 50mm. 
additional lap required is to provide adequate overlap of the cross 
wires and to provide space for satisfactory consolidation of the 
concrete between cross wires. Research (Lloyd 1971) has shown an 
increased splice length is required when welded wire reinforcement 
of large, closely spaced wires is lapped and, as a consequence, 
additional splice length requirements are provided for this 
reinforcement in addition to an absolute minimum of 150 mm. 
Splice requirements are illustrated in Fig. R25.5.4.1. If 
As,providedlAs,required > 2 over the length of the splice, (st can be 
determined from 25.5.4.2 

^ i ^ liluLu A.uaj R25.5.4.1 

iilLyJI Cy* ^ JjSlI 

AxIaUldl ^ ^ ^ 

50mm .Jjlall ji jUasVI Cm 

jsj .libLjiSii Cm libfuSu 

i5'i n't l 41 ^ LaAlc Jjla tiiljJ ujf!a.a (Lloyd 1971) ell 

'"'I;'til-' ^ ‘ ^‘ lil^LiVI 

^ .150 mm Cy“ ^LuaVL in') Jjla A^Lial 

eiul£ |j| .R.5.5.4.1 ^ iliLi.'lali.a 

tst CMi ‘ Jjla ^ ^jlla*llAs,provided/As,required > 2 

25.5.4.2 6- 


50 mm 


min. 


1.5/rf a 150 mm 


^s, provided ^ ^s, required ^ ^ 


25.5.4.2 If As,provided/As,required > 2.0 over the length of the splice, tsl 
measured between outermost cross wires of each reinforcement 
sheet shall be permitted to be the greater of (a) and (b). 

1 JLajll Jjla ijc-As,providedlAs,required >2.0 ‘ (1^ '^ 25.5.4.2 

•(b) J (a) 

(a) 1.5frf 

(b) 50 mm. 

where frfis calculated by 25.4.7.2(b). 

.(b) 25.4.7.2 'tiauiljj td uLn^ ^ 


Fig. R25.5.4.1—Lap splices of plain welded wire reinforce¬ 
ment whet e A, proviJed/A, required ■2* 


R25.5.4.2 Where As,provided!As,required > 1 , the lap splice for plain 
welded wire reinforcement is illustrated in Fig. R25.5.4.2 

1 uijlka j* US 1 As,providedlAs,required > 2 Ui% O' ‘ J* R25.5.4.2 
(ibUiSlI R45.5.4.2 ^ 0^ 



^.5tq s 50 mm 

As, provided ^ As, required S 2 



677 























CODE 

25.5.5 Lap splice lengths of deformed bars in compression 

COMMENTARY 

R25.5.5 Lap splice lengths of deformed bars in compression — Bond 

JalfcoaiV) ^ ^jLurall.1 (JilJjJl JljJai 25.5.5 

research has been primarily related to bars in tension. Bond behavior 
of compression bars is not complicated by the problem of transverse 
tension cracking and thus compression splices do not require 
provisions as strict as those specified for tension splices. 

Lap splice requirements particular to columns are provided in 
Chapter 10. 

(lul£ . JaUJaiV) fjk (jUJaiU Jljlai R25.5.5 

SaiuSa ija Jajljjll liljiu ^ V ^ ILLul AJomja tlitJluil) 

^jL^ Li,>i't jj>nS' ^ 

,10 ^ aXacSlL (liUUala luill ^ -'I lilli 

25.5.5.1 Compression lap splice length tsc of No. 36 or smaller 
deformed bars in compression shall be calculated in accordance 
with (a) or (b); 

(a) For fy< 420 MPa: tsc is the greater of O.OTl/jrf* and 300 mm. 

(b) For /y > 420 MPa: tsc is the greater of (0.013/y - 24) db and 300 
mm. 

R25.5.5.1 Tests (ACI Committee 408 1966; Pfister and Mattock 
1963) have shown that splice strengths in compression depend 
considerably on end bearing and do not increase proportionally in 
strength when the splice length is doubled. Accordingly, for 
specified yield strengths above 420 MPa, compression lap lengths 
are significantly increased. 

1 ji 36 Jjlal Jjla i 25.5.5.1 

:(ij) ji (i) J Uaj ialiJaj'ill 

. mm 300 jfydb 710.0 6- fy < 420 MPa: tsc -1 (1) 

300 jfy- 24) db 13(0.0 6- fy> 420 MPa: tsc ^ (4-) 

.mm 

Mattock J Pfister ^ ACI 408 1966 R25.5.5.1 

JflN a\\ AaIu LlxJajVl ^ djill iallj (1963 

dialHI AjmuIL ( iillj ci&LJaj .llfr djUl ^ dJbj 

For fc' < 21 MPa, the length of lap shall be increased by one- 
thii-d. 


JjJa dJbj & fc ' <21 MPs 


25.5.5.2 Compression lap splices shall not be used for bars larger 
than No. 36, except as permitted in 25.5.5.3. 


36 tjUJaih (JilJSll iliiLaj Ji,j^ H 25.5.5.2 

.25.5.5.3 ^ ^yujui jk La 1 


25.5.5.3 Compression lap splices of No. 43 or No. 57 bars to No. 

36 or smaller bars shall be permitted and shall be in accordance 
with 25.5.5.4. 

R25.5.5.3 Lap sphees are generally prohibited for No. 43 or No. 57 
bars. For compression only, however, lap splices are permitted 
between No. 43 or No. 57 bars and No. 36 or smaller bars. 

57 ji 43 j>aj tjUJaill 25.5.5.3 

.25.5.5.4 -1 iiij j' 36 

‘'■J-41L .57 ji 43 sJlft jlaaj R25.5.5.3 

jl 36 ^jj 57 43 ‘ ^ ‘ laAS Li ■>!" 

25.5.5.4 Where bars of different size are lap spliced in 
compression, (sc shall be the greater of (dc of larger bar calculated 
in accordance with 25.4.9.1 and (sc of smaller bar calculated in 
accordance with 25.5.5.1 as appropriate. 


^ AJsjI jlall ^ (jl Cj^ Uilc- 25.5.5.4 

J ^ ^ fee ^ fe ^ JaUuiijVl 

.fLuiiAVl 25.5.5.1 ^ jjL^I f^e J 25.4.9.1 
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25.5.6 End-bearing splices of deformed bars in compression 

JalxJijVI i ij'-v ..'I ciljiabU 25.5.6 


25.5.6.1 For bars required for compression only, transmission of 
compressive stress by end bearing of square-cut ends held in 
concentric contact by a suitable device shall be permitted. 


i. JaiS ^25.5.6.1 
aJaJLi cijla ^ ^Uli 

111 M AiaMjljj 


25.5.6.2 End-bearing splices shall be permitted only in members 
containing closed stirrups, ties, spirals, or hoops. 

iIiUl£ ijc- fUdcSlI ^ VI ^t^l ‘Ul^l.lll ^laAlb V 25.5.6.2 

.Jljlai ji biljjjla. ji iajljj ji Aili.4 

25.5.6.3 Bar ends shall terminate in flat surfaces within 1.5 
degrees of a right angle to the axis of the bars and shall be fitted 
within 3 degrees of full bearing after assembly. 

^jj 2.5 ^'\h.>jiall ^iauiVb ^jljiba'I ciljlai 25.5.6.3 

dj.*>.a.ll (j.a (Ilia.jJ 3 l^.;uSljj i ^Uballl jiJA-a ^1 'bjljH 

Jaj 

25.5.7 Mechanical and welded splices of deformed bars in tension 
or compression 

UH.it ?iM ^ J;jU ^tl Xa jaLJIj 25.5 .7 


25.5.7.1 A mechanical or welded splice shall develop in tension 
or compression, as required, at least 1.25^ of the bar 

i laULauVI j\ jl 25.5.7.1 

I jj.bt'l iy>l.25fy J^^l ‘ ^jUa-all 


COMMENTARY 

R25.5.6 End-bearing splices of deformed bars in compression 

JalibalVI Jjjla^l ciljaJl ^ya ^jla Jj-ajj R25.5.6 

R25.5.6.1 Experience with end-bearing splices has been almost 
exclusively with vertical bars in columns. If bars are significantly 
inclined from the vertical, attention is required to ensure that 
adequate end-bearing contact can be achieved and maintained. 

^^ SjJ^I bul.^R25.5.6.1 

^1 dblT^I ( ^^i^l ^A^^l ya dAA&VI bul£ |j| ,dAA&Vl ^ 

..'Ij J.al^b ^l£ll JbdjVI 

R25.5.6.2 This limitation ensures a minimum shear resistance in 
sections containing end-bearing splices. 

biVLdj ^ILa ^ .^1 IJA ^aibj R25.5.6.2 


R25.5.6.3 These tolerances represent practice based on tests of full- 
size members containing No. 57 bars. 

(J.4l£ll I'; pLba&V cjjjbj^l 4dyjjLA.a cjbjli^ll diiJa JI 4 J R25.5.6.3 

.57 oUbaS ^ 


R25.5.7 Mechanical and welded splices of deformed bars in tension 
or compression —The 2014 Code eliminated mechanical and welded 
sphces with strengths less than 1.25fy. With the elimination of these 
mechanical and welded splices, the term “full” was deleted in 
reference to mechanical and welded splices that develop at least 
1.25/,. 

- JalxbuVI ji .1^1 yLuJail! bi5bdjll R25.5.7 

aJA ^IJ! ^ 1.25^ Cfi A^iilS-Ldl ija jidi 2014 (/di 

...l.bl aUl ajb^l ^ "d.al£" a't ^ 1 i aj-v'/.'tj (ll^bidjll 

.1.25/' JsVl ijls. biu ^^1 ^j^b'lj <b5bjlS.Ldt 

R25.5.7.1 The maximum reinforcement stress used in design under 
the Code is the specified yield strength. To ensure sufficient strength 
in splices so that yielding can be achieved in a member and thus 
brittle failure avoided, the 25 percent increase above the specified 
yield strength was selected as both an adequate minimum for safety 
and a practicable maximum for economy. A welded splice is 
primarily intended for large bars (No. 19 and larger) in main 
members. The tensile strength requirement of 125 percent of 
specified yield strength is intended to provide sound welding that is 
also adequate for compression. While direct butt welds are not 
required, AWS D1.4 states that wherever practical, direct butt welds 
are preferable for No. 22 bars and larger 
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25.5.7.2 Welding of reinforcing bars shall conform to 26.6.4. 

.26.6.4 4 ^Ua.4 CxS^ 0^ 25.5.7.2 


25.5.7.3 Mechanical or welded sphces need not be staggered 
except as required by 25.5.7.4. 

Ld jI V 25.5.7.3 

.25.5.7.4 >«Sn -ulkL 


25.5.7.4 Splices in tension tie members shall be made with a 
mechanical or welded splice in accordance with 25.5.7.1. Splices 
in adjacent bars shall be staggered at least 750 mm 

ji ^ ^ ^ 25.5.7.4 

750 Jiv'l JiilJlA 5jjLa-41 SaacVI (J jll QjSj .25.5.7.1 4 U4a 

mm 


COMMENTARY 

^ ^ ^ R25.5.7.1 

^ ^jll.4 

^LalL 25 ^ ^ JAill ^UlLj ^ 

Ij1a& (3^.44 L^lla 

^ 19 ^j) ^ i^LyAil\ JjStI ^ 

^ ^125 CjUlLlu .Qjj*pLua&Sfl 

4 .U\\ 

CiLal^Ail (. LiIaC^ Cj^ Lu^ 4 4Ji J& AWS D1.4 

. jjSij 22 j»aj 

R25.5.7.3 Although mechanical and welded splices need not be 
staggered, staggering is encouraged and may be necessary for 
constructibility to provide enough space around the splice for 
installation or to meet the clear spacing requirements. 

H 3.«^jal4lj A-jS-uISjaI) I'ltliin') (ja ^jll R25.5.7.3 

fU4l jfijJ Q\ ^jj^>44| ^ CxS^ JjIaaII ‘ ^ AjI VI i Al^lila 

aJcUoll ■'•<1 ji ‘"'j;’'''" AL.d^l 

R25.5.7.4 A tension tie member has the following characteristics; 
member having an axial tensile force sufficient to create tension 
over the cross section; a level of stress in the reinforcement such that 
every bar should be fully effective; and limited concrete cover on all 
sides. Examples of members that may be classified as tension ties 
are arch ties, hangers carrying load to an overhead supporting 
structure, and main tension elements in a truss. In determining if a 
member should be classified as a tension tie, consideration should be 
given to the importance, function, proportions, and stress conditions 
of the member related to the above characteristics. For example, a 
usual large circular tank, with many bars and with splices well 
staggered and widely spaced, should not be classified as a tension tie 
member, and Class B splices may be used. 

<Lij 1 j^sl ..<■^'1 jAl| 'tlajj jAdxl oJ%R25.5.7.4 

^aLjuII ^ ^jluu ‘ lu ^j4 

iy> w ..'1 fUakllj ‘ JaI£ Jbti JS 0J% 

Jajljj lui Isjljj ^UlacSlI <Ul4i 

^ JLa^VI J.a^ CjI^LaAII 

3l£ljA ilu 4JI ijlc. ‘ bl La AaC .Q^La^l 

ajjSlall j^il ,.a4'l 1 jjljLu LuS Jl^.^VI cijjJaj uuullj ^L^VI 

ijUxA t V aJljAil Jjj*» 

aUaaj jmsiS lAxulj tliliLuu tliUaal^lj ^ 

,B 'Lain tla5Ldj '-L*. .,1 ^^)£.4aj 
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25.6—Bundled reinforcement 

25.6.1 Nonprestressed reinforcement 

25.6.1.1 Groups of parallel reinforcing bars bundled in contact to 
act as a unit shall be limited to four in any one bundle. 

I - 25.6 

.u^ll ^j* II 25.6.1 

^ ^ i^iyj 25.6.1.1 

SjaIj ^ ^ji JaxU 

25.6.1.2 Bundled bars shall be enclosed within transverse 
reinforcement. Bundled bars in compression members shall be 
enclosed by transverse reinforcement at least No. 13 in size. 

JAb ^jaJl 25.6.1.2. 

^ 13 in') (Jjjla ^ Jax^all ^ 


25.6.1.3 Bars larger than a No. 36 shall not be bundled in beams. 

^ 36 j»aj (> j^Sfl (jUAail) qjSj Vi 25.6.1.3 


25.6.1.4 Individual bars within a bundle terminated within the 
span of flexural members shall terminate at different points with 
at least 40db stagger. 

^LuV) ^'.uaci ^iJaj ^ jUl tjl.nbl') 25.6.1.4 

. 40tfti CP V l-a ^ 4411A.4 Jallj ^ 

25.6.1.5 Development length for individual bars within a bundle, 
in tension or compression, shall be that of the individual bar, 
increased 20 percent for a three-bar bundle, and 33 percent for a 
four-bar bundle. 

i Wijt ^ Cy^*^ Jjla Cxs^ 25.6.1.5 

Z33 J ^ Z2O i Ji^ (j.4 

.Cj r 


COMMENTARY 

R25.6—Bundled reinforcement 

R25.6.1 Nonprestressed reinforcement 

R25.6.1.1 The Code phrase “bundled in eontaet to aet as a unit” is 
intended to preclude bundling more than two bars in the same plane. 
Typical bundle shapes in cross section are triangular, L-shaped, or 
square-shaped patterns for three- or four-bar bundles. As a practical 
caution, bundles more than one bar deep in the plane of bending 
should not be hooked or bent as a unit. Where end hooks are 
required, it is preferable to stagger the individual bar hooks within a 
bundle. 

gaUMlaUI - R25.6 

.lull (jjuu g - j kiH j R25.6.1 
^la J.aall Jl.t^VI ^jaJI" JjAll R25.6.1.1 

^ ^kLdl ^ JlAuVI ,^jlu.all (JjAI jj;j • ija 

jiaS _ Aajji ji dlull Aajj.a ji jAu ji JlAui 

Ja.)j Jjaift ijA jjS) ^ Jjjj ^) j,jaJ) gjJ ji iajj ^ V) 41 ^ 1 

JAaflVI ‘ ililillaAl 4^1^ AllAA CiJ^ luAlc ,9.1^lj ^lA^VI jjmaa 

,^j^) JA)J ^J^l uuua^l CjlilJaA i^jJ (2 j'| 


R25.6.1.3 A hmitation that bars larger than No. 36 not be bundled in 
beams is a practical limit for apphcation to building size members. 
(AASHTO LRFDUS permits two-bar bundles for No. 43 and No. 57 
bars in bridge girders.) Conformance to the crack control 
requirements of 24.3 will effectively preclude bundling of bars 
larger than No. 36 as tension reinforcement. 

4j'aft bj.1^ i j.a^l 36 ^J (jLuaill R25.6.1.3 

(j^jaJ) 4j^ jiAuj AASHTO LRFDUS) f.LCac.\ ^Jc- Juklil 

(jtnn'l ^AaAll cjUllala ^ (_^lj!lll ,^ju^l till^ ^q, 57 J 43 0j..i.j4ail 
.lull ^tjlul£ 36 CH ^buiflll (Jbtfi (jAuJ ^l*aj 24.3 

R25.6.1.4 Bond research (ACI Committee 408 1966) has shown that 
bar cutoffs within bundles should be staggered. 

fu o’l 4J) (ACI 408 1966 ^4»J) 4 iUj) tiij^Ja'l jsj R25.6.1.4 

,^JaJl JAb ^lalll 


R25.6.1.5 An increased development length for individual bars is 
required when three or four bars are bundled together. The extra 
extension is needed because the grouping makes it more difficult to 
mobilize bond resistance from the core between the bars. The 
development of bundled bars by a standard hook of the bundle is not 
covered by the provisions of 25.4.3 

Ajuji ji ^ ^1^)A1| ^bua^ dlbj lu^^Uxa R25.6.1.5 

41^ lusLi^Vl CP CJ CS^ ^UlaVI ^.laHU lilUA.Uu 
Ajauljj ^j^l (jbu3£ ‘''if' 25.4.3 V.(jbuaill (Ju Sljjll (j.a 

^jaJi ^ jjuLia ‘ jlb4 
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25.6.1.6 A unit of bundled bars shall be treated as a single bar 
with an area equivalent to that of the bundle and a centroid 
coinciding with that of the bundle. The diameter of the equivalent 
bar shall be used for dt in (a) through (e); 

(a) Spacing limitations based on db 

(b) Cover requirements based on dt 

(c) Spacing and cover values in 25.4.2.2 

(d) Confinement term in 25.4.2.3 

^ 25.6.1.6 

^ lillj ^ ^ 

U^\ (i) Cy’db I—Lunll) jlaS l-su n) i_i^ 

db (i) 

db Ajlaiull iljUUala 

25.4.2.3 J 5-s- (J)25.4.2.2 J ^ (j) 

25.6.1.7 Lap splices of bars in a bundle shall be based on the lap 
splice length required for individual bars within the bundle, 
increased in accordance with 25.6.1.5. Individual bar splices 
within a bundle shall not overlap. Entire bundles shall not be lap 
spliced. 

Jjla ^ Innn 25.6.1.7 

V .25.6.1.5 J 0*9^ 

25.6.2 Post-tensioning ducts 

25.6.2.1 Bundling of post-tensioning ducts shall be permitted if 
shown that concrete can be satisfactorily placed and if provision is 
made to prevent the prestressing steel, when tensioned, from 
breaking through the duct. 

Jaj La 25.6.2 

(jLdj IjI iaj La 25.6.2.1 

^j.a i (JL^.^YI ^jL a\ ^ 

.SUaII 


COMMENTARY 

R25.6.1.6 Although splice and development lengths of bundled bars 
are a multiple of the diameter of the individual bars being spliced 
increased by 20 or 33 percent, as appropriate, it is necessary to use 
an equivalent diameter of the entire bundle derived from the 
equivalent total area of bars for determining the spacing and cover 
values in 25.4.2.2, the confinement term, [(cz> + Ktr)ldb\ in 25.4.2.3, 
and the \|/c factor in 25.4.2.4. For bundled bars, bar diameter db 
outside the brackets in the expressions of 25.4.2.2 and of Eq. 
(25.4.2.3a) is that of a single bar. 

CjLicL4a.a ^ ^LiJaill ^..aj^ ilu-ujj iIiiLfljll Jljlai R25.6.1.6 

i f-l i ^Lall ^ 33 20 ^ £jl 

^ La ijA L^i.a£lj ^1 £.a jiafi *t ^-vl. ..t ^ 

[(cb -H ‘ 25.4.2.2 ^Uaafl JCL^I ^Luu 

ui^aa c SiaftiU .25.4.2.4 J i|/e . 25.4.2.3 J ‘ [Ktr)/db], 

>a) 25.4.2.3) 25.4.2.2 0- J, o-ljaSll s;jU. db >*11 

R25.6.1.7 The increased length of lap required for bars in bundles is 
based on the reduction in the exposed perimeter of the bars. Only 
individual bars are lap spliced along the bundle. 

J4Sj ^Jc■ (.jadl ^ Sxaeiu ujlkdl Jilllll Jjlall JILaj R25.6.1.7 

Jjla Ja^ jk"^a't SJacVI iajA.A 


R25.6.2 Post-tensioning ducts 

R25.6.2.1 Where ducts for prestressing steel in a beam are arranged 
closely together vertically, provisions should be made to prevent the 
prestressing steel from breaking through the duct when tensioned. 
Horizontal arrangement of ducts should allow proper placement of 
concrete. A clear spacing of one and one-third times the nominal 
maximum size of the coarse aggregate, but not less than 25mm., 
has proven satisfactory. Where concentration of tendons or ducts 
tends to create a weakened plane in the concrete cover, 
reinforcement should be provided to control cracking. 

jjLj La liljji R25.6.2 

djA£ ^ ^ ^ LaAl& R25.6.2.1 

(jA a* a; ‘ “ ^ ^IaI ^ja3)u (3^^ 

Lilxuai du JSj 

ji di5bL^I jj jA i mm 25 jU 

..sm ^ ‘ ^Uaxll ^ ‘•''9. 
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25.7—Transverse reinforcement 

25.7.1 Stirrups 

25.7.1.1 Stirrups shall extend as close to the compression and 
tension surfaces of the member as cover requirements and 
proximity of other reinforcement permits and shall be anchored at 
both ends. Where used as shear reinforcement, stiiTups shall 
extend a distance d from extreme compression fiber. 

- 25.7 

25.7.1 

iaiuSal\ (j.a Jlu 25.7.1.1 

A ..I <4*. Ill 4 Ill i_i^ ^ lie 

Sai-Jal] ciUli (ja (} 

25.7.1.2 Between anchored ends, each bend in the continuous 
portion of a single or multiple U-stkrup and each bend in a closed 
stirrup shall enclose a longitudinal bar or strand. 

t Uat.U (Js ‘ 2-1-7-25 

,djl£ jl ‘ ^ jl cjUl£ ^ 

25.7.1.3 Anchorage of deformed bar and wire shall be in 
accordance with (a), (b), or (c); 

(a) For No. 16 bar and MD200 wire, and smaller, and for No. 19 
through No. 25 bars with fyi < 280 MPa, a standard hook around 
longitudinal reinforcement 

(b) For No. 19 through No. 25 bars with fyt > 280 MPa, a standard 
hook around a longitudinal bar plus an embedment between 
midheight of the member and the outside end of the hook equal to 
or greater than 0.17dbfyi/{k ), with k as given in Table 25.4.3.2 

(c) In joist construction, for No. 13 bar and MD130 wire and 
smaller, a standard hook 

ji a*jb ..ti d '.'U 25.7.1.3 

,.jfe) i M 

25 CH 19 sAaftiUj i i MD200 i4iuij 16 j>ij (i) 

LiUak i ft < 280 MPa ^ 

i_jUaiJi qjSj 1 MPa <280 o44s 2 25 u-« 19 

‘ 4^jUx.ah 

j* US X 1 0.17dbfyt/{k f ), 6« j' Liliaail 

25.4.3.2 

4_iUa^ 4 jUdij MD130 <45Uiij 13 i 


COMMENTARY 

R25.7—^Transverse reinforcement 

R25.7.1 Stirrups 

R25.7.1.1 Stirrup legs should be extended as close as practicable to 
the compression face of the member because, near ultimate load, the 
flexural tension cracks penetrate deeply toward the compression 
zone. 

It is essential that shear and torsional reinforcement be adequately 
anchored at both ends to be fully effective on either side of any 
potential inclined crack. This generally requires a hook or bend at 
the end of the reinforcement as provided by this section. 

e.»ili.till - R25.7 
R25.7.1 

j.ni't JaliUijl <U.j UlaC ka uj£b UblUl JaXu R25.7.1.1 

A^lala 3,9^ ^ d.a^l (ja uj^b t AjV 

^ ^ gAju 1 ^ 4^jjja<ah ^.Jalkba.’iV) 

Ljj \‘^ ,4ialUa ^U ■-'I»»■"' j\ UUj 

IJA 4^ <blc jk U£ 4^ 4^ j\ 


R25.7.1.3 Straight deformed bar and wire anchorage is not 
permitted because it is difficult to hold such a stirrup in position 
during concrete placement. Moreover, the lack of a standard stirrup 
hook may make the stkrup ineffective as it crosses shear cracks near 
the end of the stirrup. For a No. 16 or MD200 or smaller stirrup, 
anchorage is provided by a standard hook, as defined in 25.3.2, 
hooked around a longitudinal bar. For a No. 19, No. 22, or No. 25 
stirrup with fyt of only 280MPa, a standard stiiTup hook around a 
longitudinal bar provides sufficient anchorage. For a No. 19, No. 22, 
or No. 25 stkrup with higher strength, the embedment should be 
checked. A 135-degree or 180-degree hook is preferred, but a 90- 
degree hook may be used provided the free end of the 90-degree 
hook is extended the full 12 bar diameters as requked in 25.3.2. 
Because it is not possible to bend a No. 19, No. 22, or No. 25 stkrup 
tightly around a longitudinal bar and due to the force in a bar with a 
design stress greater than 280 MPa, stirrup anchorage depends on 
both the type of hook and whatever development length is provided. 
A longitudinal bar within a stirrup hook limits the width of any 
flexural cracks, even in a tension zone. Because such a stkrup hook 
cannot fail by splitting parallel to the plane of the hooked bar, the 
hook strength as used in 25.4.3.1(a) has been adjusted to reflect 
cover and confinement around the stirrup hook. In joists, a small bar 
or wke can be anchored by a standard hook not engaging 
longitudinal reinforcement, allowing a continuously bent bar to form 
a series of single-leg stirrups along the length of the joist. 
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25.7.1.4 Anchorage of each leg of welded plain wire 
reinforcement forming a single U-stirrup shall be in accordance 
with (a) or (b): 

(a) Two longitudinal wires spaced at a 50mm. spacing along the 
member at the top of the U 

(b) One longitudinal wire located not more than rf/4 from the 
compression face and a second wire closer to the compression 
face and spaced not less than 50mm. from the first wire. The 
second wire shall be permitted to be located on the stirrup leg 
beyond a bend, or on a bend with an inside diameter of bend of at 
least Sdb. 


^ 25.7.1.4 

:(u) ji (i) i-U tr'® 

U ^ Jjla mm 50 n 

ujii lilluj JaUJaiV) (j-a d / 4 Cfi -VJd 
i5'> n't (^1 .JjVI n't (j.4 mm 50 Cf" lP^ SauJal\ 

V ji 1 fAjLLa ^ 


COMMENTARY 

V R.2S.T.1.3 

i iillj .^Lyuj^l pUji ^ iaLi^l 

ujilL Jx^ CjUI^U ^jUx.4 ^ 

^ i ji 1V1D200 16 4^ 

\1^ i 25.3.2 j/t La£ i t i\u^ Aixwiljj 

280 u-> fyt t* t> 25 (»2j ji ‘ 22 j»Sj ‘ 19 

,l^l£ ^ JI£a.uIj 

(j-4 ^3^^! i dj^l jJ 25 ^ 22 ^ 19 ^Aj.yiullj 

90 i-iUai (jLaj i 4 ajJ 180 135 

Lai 12 jUafiVI 90 .IjXu ^ 

25 ji ‘ 22 j»^j ‘ 19 jjfr (> 4JV ,25.3.2 

^..^^,>..1 Jajjud ^ ^ f’ 

ciUa^} d£ ijlC' iIjULHI ±ajxj i JlLwiL 280 

iS\ t ALta4 

J a lift CdULill ' J.mL ^ ^Vj .^4^1 4,i]ala ^ 

LiUa^l dji ^ ( t iLk^U ^jlwM ^ ^jljiillj ^Lyu^Vl 

(jIaj i Jaljjll Lilian c>^*J fUaxll (a) 25.4.3.1 

^ ^ ‘ AJawil^ iilltaU jl 

^Lyiill illlJ illUlill jljALyub Lu ( 

JjL ^jlc- 

R25.7.1.4 The requirements for anchorage of welded plain wire 
reinforcement stirrups are illustrated in Fig. R25.7.1.4. 


Aj£lyu ciUliaid R25.7.1.4 ‘"Ly' R25.7.1.4 




Fifj, R25.7.L4—Anchorage in comptvssion zone of welded 
plain wire reinforcement U-stirrups. 
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25.7.1.5 Anchorage of each end of a single leg stirrup of welded 
wire reinforcement shall be with two longitudinal wires at a 
minimum spacing of 50mm. in accordance with (a) and (b); 

(a) Inner longitudinal wire at least the greater of rf/4 or 50mm. 
from dH 

(b) Outer longitudinal wire at tension face shall not be farther 
from the face than the portion of primary flexural reinforcement 
closest to the face 

^ (jUji ^ jla JS I'nj n 25.7.1.5 

; j J Uij 50inin V 9.1CU.4J ^ 

d / 2 6- 50mm ji d / 4 6- (') 

iillyull (J~i% ^ (v) 


COMMENTARY 

R25.7.1.5 Welded wire reinforcement for shear reinforcement is 
commonly used in the precast, prestressed concrete industry. The 
rationale for acceptance of straight sheets of welded wire 
reinforcement as shear reinforcement is presented in a report by the 
Joint PCIAVRI Ad Hoc Committee on Welded Wire Fabric for 
Shear Reinforcement (1980). 

t ..1 ^ ..j-vtrttt R25.7.1.5 

^ 4»ua1.aa 11 Ji.9^ AIjLa 

PCI / WRI jiA' i 

.(1980) ^aIuaI ^jaIaII liliull ^ 

The provisions for anchorage of single-leg welded wire 
reinforcement in the tension face emphasize the location of the 
longitudinal wire at the same depth as the primary flexural 
reinforcement to avoid a splitting problem at the level of the tension 
reinforcement. Figure R25.7.1.5 illustrates the anchorage 
requirements for single-leg welded wire reinforcement. For 
anchorage of single-leg welded wire reinforcement, the Code 
permits hooks and embedment 

1^1 ^Luii ^j&IaIi libfuSh 

jUa^VI ‘.''y'' Jla (JaxII ^jaaI (illull 

iilLAll cjUUajA R25.7.1.5 ^^^14aa 

^Awjj i^UAll 

length in the compression and tension faces of members (refer to 
25.7.1.3(a) and 25.7.1.4), and embedment only in the compression 
face (refer to 25.7.1.3(b)). This section provides for anchorage of 
straight, single-leg, welded wire reinforcement using longitudinal 
wire anchorage with adequate embedment length in compression 
and tension faces of members. 

(jAjill i(25.7.1.4 j (a) 25.7.1.3 t^'j) (‘'-4ae5U JaaHj LxJill ^ Jjlill 

<.iiUAA.l) .((b) 25.7.1.3 £^U) 

^ lillwj ^LaII (IjIj ..ja*;,.. aU 

.^LJa&5U j SaiuSal\ jji i.^Ua1| 
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25.7.1.6 Stirrups used for torsion or integrity reinforcement shall 
be closed stuTups perpendicular to the axis of the member. Where 
welded wire reinforcement is used, transverse wires shall be 
perpendicular to the axis of the member. Such stirrups shall be 
anchored by (a) or (b); 

(a) Ends shall terminate with 135-degree standard hooks around a 
longitudinal bar 

(b) In accordance with 25.7.1.3(a) or (b) or 25.7.1.4, where the 
concrete surrounding the anchorage is restrained against spalling 
by a flange or slab or similar member 

cjUilj ji 25.7.1.6 

diUlSfl aJA Jla ^ <U4ajall libLuVl OJ^ 

:(v) j' (') 

135 A.ujjLii 9 diliUa^ (^) 

j4i 4^ 4 4-1-7-25 ji (‘t') ji (') 3-1-7-25 lisj (u) 


COMMENTARY 

Two horizontal wires 



Fig. R25.7.1.5—Anchorage of single-leg welded wire rein¬ 
forcement for shear. 


R25.7.1.6 Both longitudinal and closed transverse reinforcement are 
required to resist the diagonal tension stresses due to torsion. The 
stirrups should be closed because inclined cracking due to torsion 
may occur on all faces of a member. In the case of sections 
subjected primarily to torsion, the concrete side cover to the stirrups 
spalls off at high torsional moments (Mitchell and Collins 1976). 
This renders lapspliced stkrups ineffective, leading to a premature 
torsional failure (Behera and Rajagopalan 1969). In such cases, 
closed stirrups should not be made up of pairs of U-stirrups lapping 
one another. When a rectangular beam fails in torsion, the corners of 
the beam tend to spall off due to the inclined compressive stresses in 
the concrete diagonals of the space truss changing direction at the 
corner as shown in Fig. R25.7.1.6(a). In tests (Mitchell and Collins 
1976), closed stirrups anchored by 90-degree hooks failed when this 
occurred. For this reason, 135-degree standard hooks or seismic 
hooks are preferable for torsional stirrups in all cases. In regions 
where this spalling is prevented by an adjacent slab or flange, 
25.7.1.6(b) relaxes this requirement and allows 90-degree. 
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25.7.1.6.1 Stirrups used for torsion or integrity reinforcement 
shall be permitted to be made up of two pieces of reinforcement; a 
single U-stirrup anchored according to 25.7.1.6(a) closed by a 
crosstie where the 90-degree hook of the crosstie shall be 
restrained against spalling by a flange or slab or similar member. 

^ ^ 25.7.1.6.1 

(') 25.7.1.6 -1 U-stirrop (>> ^>1 tj /ndaa 

"S'" Aua ildic. 90 ‘ CxA AjiC' ^ AllLa 

, JjLu ji jl Aku 


COMMENTARY 

jxll ^ JS ujllxa R25.7.1.6 

ptjllVI (JjLaII ^jV CiLliil 

fUaxll LuiLfcjii ^.jA^axll 

lift .(1976 ^btll pljjiVI ^ 2u)Sll 

j Bchcra) jjjLyuIl pIjillVl ^ CjULHi 

(> (jli-All cJJSl\ (jjS^ cji ^^ 5 *^ V t iiiVi-aJl dJA (Ji4 ^ .(Rajagopalan 1969 

J^Aj ( ^ ALialwiA Ja^ L4djfr.l^..uaxj U-lira CH 

^Ia.uj^I jUafiVl ^ ^IaII ^Ua^IaLjVI JajSA^l uuwu ililwull 

.(R.7.7.1.6 (a jA US ^ dUuVl 

90 ililiUa^ AllitAll CdULSlI Ja^ t (1976 CdljUl^VI 

ji 135 Cy^ cjiiUa^ ^ umII l.i^j ajc- 

^ ^^UaII ^ .CdVUJl (_g^ CdUUlt J^i ^Ijlj CjliiUa^ 

IIa ^aaau (u^ 25.7.1.6 ^ ajjUld AiA^ ji Aia^ AJaAAdl^ citj^Vl 

90 V iajA^I 


hooks because of the added confinement from the slab (refer 
to Fig. R25.7. 1.6(b)). 


Spalling 




(b) Detail at comer 

Fig, R25,7,1,6—Spalling of corners of beams subjected to 
torsion. 
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25.7.1.7 Except where used for torsion or integrity reinforcement, 
closed stirrups are permitted to be made using pairs of U-stirrups 
spliced to form a closed unit where lap lengths are at least l.Sfrf. 
In members with a total depth of at least 450mm., such splices 
with Abfyt < 40 KN per leg shall be considered adequate if stirrup 
legs extend the full available depth of member 

1 ji fUjIub 25.7.1.7 

Allkd U-Splired bibb ^ 

JSj V blu^l (jjjll ^LbaftSfl . 1.3(d ^Jc- (JilUll Jljlai (jjSj 

Ijl jLui Ji! Abfyt < 40 KN £-» bi5b-ajjll »ja i mm 450 Cfi- 

^b^ll Jldj bjbl£il d^ji 


25.7.2 Ties 

25.7.2.1 Ties shall consist of a closed loop of deformed bar with 
spacing in accordance with (a) and (b): 

(a) Clear spacing of at least (4/3)dagg 

(b) Center-to-center spacing shall not exceed the least of 16db of 
longitudinal bar, 4Sdb of tie bar, and smallest dimension of 
member. 


JljJaVl 25.7.2 

j&bj ^ 051^.^11 ujbaill ^ 25.7.2.1 

:(“) J ( ') (> 
(4/3)dagg JsVl ^ JC-bj (i) 
(> 48db j ‘ uubaa ,y> 16db Cy> Js'j SiLuiAli JjUli V (tj) 

^ ^ yu^\ j 1 Jjbull 

25.7.2.2 Diameter of tie bar shall be at least (a) or (b); 

(a) No. 10 enclosing No. 32 or smaller longitudinal bars 

(b) No. 13 enclosing No. 36 or larger longitudinal bars or bundled 
longitudinal bars 

:(ij) ji (i) JaSll (jylah Jak 25.7.2.2 

j' 32 j>ij 10 (') 

jl ;' j\ ^jla J* 36 13 (“) 

25.7.2.2.1 As an alternative to deformed bars, deformed wire or 
welded wire reinforcement of equivalent area to that required in 

25.7.2.1 shall be permitted subject to the requirements of Table 
20.2.2.4a. 

^ ^ fl* in ( ^ 25.7.2.2.1 

cjlbialb 25.7.2.1 lill^ X 


COMMENTARY 


R25.7.1.7 Requirements for lapping of double U-stirrups to form 
closed stirrups control over the lap splice provisions of 25.5.2. 
Figure R25.7.1.7 illustrates closed stirrup configurations created 
with lap splices. 

^ tJjS‘"'i' U Jlu jjlC' bibbll ‘■•'1;'^''- R25.7.1.7 

fbaill JJ R25.7.1.7 .25.5.2 jl»ll ^ 

lA jLAj) ^ AllLail 



f— Stirrup 
/ reinforcement 



Fig. R25.7. /. 7 —Closed stirrup configurations. 


R25.7.2 Ties 


jljIaVl R25.7.2 


R25.7.2.2 These provisions apply to crossties as well as ties. 

.LjIJ jll dlisj iJSbll biVU »j* jJali R25.7.2.2 
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25.7.2.3 Rectilinear ties shall be arranged to satisfy (a) and (b); 

(a) Every corner and alternate longitudinal bar shall have lateral 
support provided by the corner of a tie with an included angle of 
not more than 135 degrees 

(b) No unsupported bar shall be farther than 150 mm. clear on 
each side along the tie from a laterally supported bar 

j (') Cm iajljjll i^jj jtjj 25.7.2.3 

^ u^j o' (') 

135 0® AiJ* lP* 
JS ^Lua mm 150 0« J^' uuJaa Vi (ij) 

Cy’ (3^' 


COMMENTARY 

R25.7.2.3 The maximum permissible included angle of 135 degrees 
and the exemption of bars located within 150 mm. clear on each side 
along the tie from adequately tied bars are illustrated in Fig. 
R25.7.2.3a. Limited tests (Pfister 1964) on full-size, axially-loaded, 
tied columns containing full-length bars (without splices) showed 
that ties on alternate longitudinal bars within 150 mm. clear of a 
laterally supported longitudinal bar are adequate in columns 
subjected to axial force. Continuously wound bars or wires can be 
considered as ties, provided their pitch and area are at least 
equivalent to the area and spacing of separate ties. Anchorage at the 
end of a continuously wound bar or wire should be by a standard 
hook as for separate bars or by one additional turn of the tie pattern 
(refer to Fig. R25.7.2.3b). A circular, continuously wound bar or 
wire is considered a spiral if it conforms to 25.7.3; otherwise, it is 
considered a tie. 

135 l-fcjljia Aj (_y-aaVl JaJl Jalij R25.7.2.3 

mm 150 ‘ R25.7.2.3a 

ij\.yCai Qa Jjla fjic. 

Js, 5laLS siafti ^k- (Pfister 1964) sJjjLall 

(jUaj ^ ‘uk Jajljjll (dilxlaUj QjA) ^4.al£ jl;' 

a jilt 4_Jajji.all aXacVl UlS ll^V uuaaa^l ijA mm 150 

t laaljj JSaa jaIjmA iilVaajVI jl ^laaaalll jta^' 

JaaljjU tlilSlajaallj 4jlalaU 4^Luia JiVi ijk ■ ..aj 

jjlkuA iilLa ji CiJ^ o' ,40^ilall 

jjj^ 0^ j' jl;■>!»" <ta>aallj jA LaS ' alla-v 

liiLj j) uujaa .(R25.7.2.3b J^' t^'j) 

, luja 4Jli i lilij ■ 25.7.3 ^ IJI jjakuA 
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COMMENTARY 



Bars not to exceed 150 mm 
dear spacing without support 


— May be greater 
than 150 mm 
no intermediate 
tie required 


- Angle at supports not to exceed 135-degree 



xox 

o 

o 

Overlapping 

135-degree 
standard 
hooks -f. 

X l\ J 




2 


Q 


- Bar exceeding 
150 mm clear 
spacing, supported 
by closed tie 

- Single tie to 
enclose all bars 


Bars not to exceed 150 mm 
dear spacing without support 



O V o 

Single tie 
to enclose 
all bars 

, ^ Crosstie 

o o 

^ Bar exceeding 

150 mm clear 
spacing, 

supported by . 
crosstie j 

o o o 

o 

o 


Set of overlapping dosed ties [J] 
to enclose all bars y. 


^ Crosstie ^ 

do \ 


J 


Fig. R25.7.2.3a—Illustrations to clarify measurements 
between laterally supported column bars and rectilinear tie 
anchorage. 
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25.7.2.3.1 Anchorage of rectilinear ties shall be provided by 
standard hooks that conform to 25.3.2 and engage a longitudinal 
bar. A tie shall not be made up of interlocking headed deformed 
bars. 

i fn (1)^ 25.7.2.3.1 

(jl J CiS^ 0^ 4'^ i5jl nnj 25.3.2 ^ 

25.7.2.4 Circular ties shall be permitted where longitudinal bars 
are located around the perimeter of a circle. 

jk“ iliUajjlb 25.7.2.4 


25.7.2.4.1 Anchorage of individual circular ties shall be in 
accordance with (a) through (c); 

(a) Ends shall overlap by at least 150mm. 

(b) Ends shall terminate with standard hooks in accordance with 
25.3.2 that engage a longitudinal bar 

(c) Overlaps at ends of adjacent circular ties shall be staggered 
around the perimeter enclosing the longitudinal bars 

■(C) Lf'! (') ijljjh (jjij (ji 25.7.2.4.1 

.mm 150 0® “if I-" o' (') 

^ liljluj 25.3.2 sjliU A.ujjLii9 (v) 


COMMENTARY 


Continuously 



f'/g. R25.7.2.3b —Continuous tie anchorage. 


R25.7.2.3.1 Standard tie hooks are intended for use with deformed 
bars only and should be staggered where possible. 


JaiS QI ;' ^ ^jbull A^bill yUiW . <.v*. .* K25.7.2.3.1 

0 ^' o' 


R25.7.2.4 While the transverse reinforcement in members with 
longitudinal bars located around the periphery of a circle can be 
either spirals or circular ties, spirals are usually more effective. 

Aailjll Sjjlall Qljibt') ^LbaftiU j»ll O' Oi^ lA R25.7.2.4 

(jjij 1-4 dJl£ 4 1^'jj j' bibjOl^ 1-41 0J% o' d^'^1 ■■ 

.^bii 

R25.7.2.4.1 Vertical splitting and loss of tie restraint are possible 
where the overlapped ends of adjacent circular ties are anchored at a 
single longitudinal bar. Adjacent circular ties should not engage the 
same longitudinal bar with end hook anchorages (refer to Eig. 
R25.7.2.4 

jSjjj US-A.4 4jaj^l o'^J -j. ■■4'^It OJ^ O' R25.7.2.4.1 

Vi 

Jajj (JiuAj ^ Jajljjll (iljlwu 

.25.7.2.4 jlall) 
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25.7.2.5 Ties to resist torsion shall be perpendicular to the axis of 
the member anchored by either (a) or (b): 

(a) Ends shall terminate with 135-degree standard hooks or 
seismic hooks around a longitudinal bar 

(b) In accordance with 25.7.1.3(a) or (b) or 25.7.1.4, where the 
concrete surrounding the anchorage is restrained against spalling 

JJ^ 0* 25.7.2.5 

ji 135 cijlall (i) 

4 4-1-7-25 ji M ji (') 3-1-7-25 lisj (u) 


25.7.3 Spirals 

25.7.3.1 Spirals shall consist of evenly spaced continuous bar or 
wire with clear spacing conforming to (a) and (b); 

(a) At least the greater of 25 mm. and (4/3)dagg 

(b) Not greater than 75 mm. 

25.7.3 

^ jaIum iillwj jl ^ 25.7.3.1 

;(u) j (I) J (JjUaA ^4alj 

i4/3)dagg j mm 25 o- JaVl (i) 
.mm 75 <>> (“) 


25.7.3.2 For cast-in-place construction, spiral bar or wire diameter 
shall be at least 9.5mm . 

jlaS ji ‘ 4jiin'b 25.7.3.2 

. 9.5mm JsVI tilkbl 


COMMENTARY 

staggered 
hook location 
as required 



Fiff. R25.7.2. 4—Circular tie anchorage. 

R25.7.2.5 Refer to R25.7.1.6. 

R25.7.3 Spirals 

R25.7.3.1 Spirals should be held firmly in place, at proper pitch and 
alignment, to prevent displacement during concrete placement. 

R25.7.1.6. i/i-Ji R25.7.2.5 

bbjjia. R25.7.3 

^14 i i I ^ ‘I s - ^ i-iiaUit Cufij R25.7.3.1 

.^bjijaJl fLui 


R25.7.3.2 For practical considerations in cast-in-place construction, 
the minimum diameter of spiral reinforcement is 3/8 in. (No. 3 
deformed or plain bar, or Dll deformed or Wll plain wire). 
Standard spiral sizes are 9.5 , 12.7 , 15.9 mm. diameter for hot- 
rolled or cold-drawn material, plain or deformed. 

jJail ^ I j.n' fUbI ^ Ajiaft bitjbSftV R25.7.3.2 

oJla-a MD70 ji ‘ j' a3^ 10 (>^j) mm9.5 

.15.9 mm j ‘ 12.7 ‘ 9.5 (A ^ MW70ji 

.qJIaa jI i 4jbll ji ^j^bbl 4ifij4Ail JI^^aU jla^l 
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25.7.3.3 Volumetric spiral reinforcement ratio ps shall satisfy Eq. 
(25.7.3.3). 

.(25.7.3.3) o' 25.7.3.3 


(a \ ' 

p, >0.45 -^-1 ^ (25.7.3.3) 

V ^ch / f \i 

where the value ofshall not be taken greater than 700 MPa. 

MPa. 700 o» j^' fyt O' 

25.7.3.4 Spirals shall be anchored by 1-1/2 extra turns of spiral 
bar or wire at each end 

0^ UUial 2/1-1 'dauljj tliu O' 25.7.3.4 

uJjla JS liliui ji jK 

25.7.3.5 Spirals are permitted to be spliced by (a) or (b): 

(a) Mechanical or welded splices in accordance with 25.5.7 

(b) Lap splices in accordance with 25.7.3.6 for fyt not exceeding 
420 MPa 

:(‘t‘) j' (') liUjjlaJl ^ J a Vu 25.7.3.5 

25.5.7 4^ jj (i) 

MPa 420 V fyt 25.7.3.6 4 (u) 

25.7.3.6 Spiral lap splices shall be at least the greater of 300 mm. 
and the lap length in Table 25.7.3.6. 

iJilJill iXjhj mm 300 ojSj o' 25.7.3.6 

.25.7.3.6 Jj-i?4l J 


Table 25.7.3.6—Lap length for spiral reinforcement 


Rtinforcement 

Coating 

Ends of lapped 
spiral bar or wire 

Lap length 

mm 

Deformed bar 

Uneoated or 
zine-eoated 
(galvanized) 

Hook not required 

4Wft 

Epoxy-eoated 
or zine 
and epoxy 
dual-coated 

Hook not required 

72r4 

Standard hook of 
25.3.2>'' 

48t/^ 

Deformed wire 

Uncoated 

Hook not required 

48t/ft 

Epoxy-coated 

Hook not required 

11A 

Standard hook of 
25.3.2"' 

48t4 

Plain bar 

Uneoated or 
zinc-coated 
(galvanized) 

Hook not required 

lld„ 

Standard hook of 
25.3.2"' 

48r/, 

Plain wire 

Uneoated 

Hook not required 

12d, 

Standard hook of 
25.3.2''! 

48r4 


I'htooks shall be embedded within the core confined by the spiral. 


COMMENTARY 

R25.7.3.3 The effect of spiral reinforcement in increasing the 
strength of the concrete within the core is not fully realized until the 
column has been subjected to a load and deformation sufficient to 
cause the concrete shell outside the core to spall off The amount of 
spiral reinforcement required by Eq. (25.7.3.3) is intended to 
provide additional strength for concentrically loaded columns equal 
to or slightly greater than the strength lost when the shell spalls off 
The derivation of Eq. (25.7.3.3) is given by Richart (1933). Tests 
and experience show that columns containing the amount of spiral 
reinforcement required by this section exhibit considerable 
toughness and ductility. Research (Richart et al. 1929; Richart 1933; 
Pessiki et al. 2001; Saatcioglu and Razvi 2002) has also indicated 
that up to 700 MPa yield strength reinforcement can be effectively 
used for confinement. R25.7.3.4 Spiral anchorage is illustrated in 
Pig. R25.7.3.4. 

Sljjll (Jib JjLji jilt sjs SJfjJ jjjIj (3jjti>.j ^ V R25.7.3.3 

^ (Jli (J.a^ (j^jiLu (J.«l£ (Ji«^ 

(_^j t (25.7.3.3) ^jAuull 5jjJ ija AjuiI .51^1 JjIa 

(jC 51^ Jjjii ji ^ SXacbU UUidl SjS 

Richart 0^ (25.7.3.3) .Jjb.41 (jUl^l.cilLI jjc SjjiLdi Sjill 

in't (j-a 4^^ (^1 94.acSh (2)1 ^.((1933 

CjjLui JSj ^ ^jllxall 

j Pessiki et al. 2001 j Richart 1933 j Richart et al. 1929) 
MPa 700 ^ falJiljl (ji«j 4Ji (Razvi 2002 j Saatcioglu 

ilujlult jll ^Jajj R25.7.3.4 .(jauaJI JUi (Ji^ 

.R.7.7.3.4 (Ji4J' 




Fig. R25.7.3.4—Spiral anchorage. 
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25.7.4 Hoops 

25.7.4.1 Hoops shall consist of a closed tie or continuously wound 
tie, which can consist of several reinforcement elements each 
having seismic hooks at both ends. 


25.7.4 

1 Aili.4 'dajj iy> 25.7.4.1 

ijC’ jlj tliliUftk l^.La Sjc ijm (jjS^ 

25.7.4.2 The ends of the reinforcement elements in hoops shall be 
anchored using seismic hooks that conform to 25.3.4 and engage a 
longitudinal bar. A hoop shall not be made up of interlocking 
headed deformed bars. 

diliUak .1 <4*.Illj ciljlai i_i^ 25.7.4.2. 

(jjiah CxS^ O' 4*?:; ^ djiOjj 25.3.4 ^ 

,A£jL01a ^ 


25.8—Post-tensioning anchorages and coupiers 

25.8.1 Anchorages and couplers for tendons shall develop at least 
95 percent of fpu when tested in an unbonded condition, without 
exceeding anticipated set. 


. 25.8 

fpu 0« /^95 0* V U iiU.jjj.aj liU^l iJiOj (ji 25.8.1 

.Axajlall jaa^^all jjta^ (jjJ ‘ 4ja^j.a jA 421^ ^ JaC 


COMMENTARY 


R25.7.4HOO/7S 
R25.7.4.1 Refer to R25.7.2.4. 


R25.7.4.1J'jl»Sll R25.7.4 
.R25.7.2.4 J^\ Ji-Ji 


R25.8—Post-tensioning anchorages and coupiers 
R25.8.1 The required strength of the tendon-anchorage or tendon- 
coupler assembhes for both unbonded and bonded tendons, when 
tested in an unbonded state, is based on 95 percent of the specified 
tensile strength of the prestressing steel in the test. The prestressing 
steel is required to comply with the minimum provisions of the 
applicable ASTM standards as prescribed in 20.3.1. The specified 
strength of anchorages and couplers exceeds the maximum design 
strength of the prestressing steel by a substantial margin and, at the 
same time, recognizes the stress-riser effects associated with most 
available post-tensioning anchorages and couplers. Anchorage and 
coupler strength should be attained with a minimum amount of 
permanent deformation and successive set, recognizing that some 
deformation and set will occur when testing to failure. Tendon 
assemblies should conform to the 2 percent elongation requirements 
in ACI 423.7. Static and fatigue test methods for anchorage and 
couplers are provided in ICC-ES Acceptance Criteria AC303 
( 2011 ). 


- R25.8 

jjc 1 iiil.^jJj.aj ^jUxtll jjill jjluu R25.8.1 

jVjlU 9JJa.4h J^l 9 j£ j.9 ^ 95 ‘ 4ja^j.a jA ^ 

(j.a ^JVI Jl^5U jL^yi JVjS ujUxa ^ JL^VI ^Lull 

jjLjJS .20.3.1 ^^j. wai al) jaill ^ Lfj Jjaxall ASTM JJjl" 

Cjl.^jJj.4j ^141' lakJall ^ 4.aj4j Cjfijil ^ySj ^ 

^ ^jVI J^I ^ ^jHaIIj djA ^ .jj^jIaII jAII 

(jl’i .. ^ja^.a1|j j jk^l O' 41 'j4! ^ ‘ UUlIaII ^jAA.allj ^Ijll »j.0a1| 

ACI '/■'L 4 'It-*■ "t .-.I at-* A ^ jAll o' 

Jj^ ^l^J^jAlIj CjUAaII ^jaj 4JLIj ^.423.7 

.(ICC-ES AC303 (2011 
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25.8.2 Anchorages and couplers for bonded tendons shall be 
located so that 100 percent of fpu shall be developed at critical 
sections after the post-tensioned reinforcement is bonded in the 
member. 


fpu i^lOO '''uj’i' ^ 25.8.2 


25.8.3 In unbonded construction subject to repetitive loads, the 
possibility of fatigue of prestressed reinforcement in anchorages 
and couplers shall be considered. 

^ i JLa^V ^ 25.8.3 

CjlA.jJj.dlj ■•''I'';’'-'" ^ ^ 

25.8.4 Couplers shall be placed at locations approved by the 
licensed design professional and enclosed in housings long 
enough to permit necessary movements. 

lya ^LaVI ^ tliLjjldl ^daj 25.8.4. 

.^jjjdall tills jaJL m iiU Iaj jjjjla Jjlu ^ A^SjaIIj 


25.9—Anchorage zones for post-tensioned tendons 

25.9.1 General 

^1 'iiAt t^U» - 25.9 

j.1* 25.9.1 


COMMENTARY 

R25.8.2 Anchorages and couplers for bonded tendons that develop 
less than 100 percent of the specified tensile strength of the 
prestressing steel should be used only where the bond transfer length 
between the anchorage or coupler and critical sections equals or 
exceeds that required to develop the prestressing steel strength. This 
bond length may be calculated based on the results of tests of bond 
characteristics of untensioned prestressing strand (Salmons and 
McCrate 1977), or bond tests on other prestressing steel materials, 
as appropriate. 

100 (>> aIaV cjU.jjjAj (iiU^ V R25.8.2 

uiaLjiII Jij Jjl^ (jj% I.41 I& VI * ‘ jVjIU aJJaaII . 1^1 ^jl^ ^ ^LaII 

ujllaA jA La jjIajj jI ^IsHaIIj ^jlUl jl iluj^l 

iIiIjUIaI ^Lu I^Uj lUajljll Jjla uLua 9j£ 

Salmons and ) JjJ^I 4Ij.na') iii5Ll^ cjlilull (jnil .n-l 

AiiojAAp ^jVjllI jIjaII iJc- tiiU^ till jLIaI ji t (McCratc 1977 

.f-l UiulA t jjaVI 


R25.8.3 A discussion on fatigue loading is provided in ACI 215R. 
Detailed recommendations on tests for static and cyclic loading 
conditions for tendons and anchorage fittings of unbonded tendons 
are provided in ACI 423.3R (Section 4.1.3) and ACI 301 (Section 
15.2.2). 

ACI JjJj.ACI 215R J-ialia fu R25.8.3 

U u ^irt ll cju-ajili (15.2.2 jvti^l) ACI 301 j (4.1.3 j>-^l) 423.3R 

tlilJljAU laajll tliU^jjj tIi5Ll£ll ^IaIIj tj^LjiIl JaaaIII lajja^ tliljbliAlj 

.lUajI jLoIl 


R25.9—Anchorage zones for post-tensioned tendons 
R25.9.1 General —The detailed provisions in the AASHTO LRFD 
Bridge Design Specifications (AASHTO LRFDUS) for analysis and 
reinforcement detailing of post tensioned anchorage zones are 
considered to satisfy the more general requirements of this Code. In 
the specific areas of anchorage device evaluation and acceptance 
testing, this Code references the detailed AASHTO provisions 


^1 i-iiinll - R25.9 

AASHTO LRFD cjli^IjA J (.liAVl - R25.9.1 

I 'u."'" (jlalia jjj*j gjiuullj J j i nU'l l JjIaI! (AASHTO LRFDUS) 

JI^A -jja*' aJJAall tliVlAall ^ .Jj^l li^l AaajaC j^VI tliUUalall aJjJ.Aall 

4jhirit'i'l AASHTO ^1^1 u^\ JfAl (lu^l 


695 












CODE 

25.9.1.1 Anchorage regions of post-tensioned tendons shall 
consist of two zones, (a) and (b); 

(a) The local zone shall be assumed to be a rectangular prism (or 
equivalent rectangular prism for circular or oval anchorages) of 
concrete immediately surrounding the anchorage device and any 
confining reinforcement 

(b) The general zone includes the local zone and shall be assumed 
to be the portion of the member through which the concentrated 
prestressing force is transferred to the concrete and distributed 
more uniformly across the section 


j (i) ( Quilald ^ 25.9.1.1 

jjnnfl jl) jjMiM (^) 

jjI ji ‘‘''J.'"" JjIsIuia 

^ 4jA Aa1&.aI| A^ifllAil Ja^ AHaldl (u) 

liLuul ^Laj^I i^\ SJSjaII ijM 


25.9.1.2 The local zone shall be designed in accordance with 
25.9.3. 


.25.9.3 ^ a^4^.aII AHaloll -j ^ 25.9.1.2 


25.9.1.3 The general zone shall be designed in accordance with 
25.9.4. 


25.9.4 4 ^Ixll AHaloll -j ^ 25.9.1.3 


25.9.1.4 Compressive strength of concrete required at time of 
post-tensioning shall be specified as required by 26.10. 

jA LaS (iiij ^jILaII ^jUa jjaa 25.9.1.4. 

.26.10 “J^iA 


COMMENTARY 

R25.9.1.1 Based on St. Venant’s principle, the extent of the 
anchorage zone may be estimated as approximately equal to the 
largest dimension of the cross section. Local zones and general 
zones are shown in Fig. R25.9.1.1a. When anchorage devices 
located away from the end of the member are tensioned, large local 
tensile stresses are generated ahead of and behind the device. These 
tensile stresses are induced by incompatibility of deformations. The 
entire shaded region shown in Fig. R25.9.1.1b should be considered 
in the design of the general zone. 

A^lala ^Uaj '• CajLa IjUaaI R25.9.1.1 

^Ixll (_jlaUAllj A^JaaII (_jlaUAll ^ WA' A^Lua 

llf’ IA^ SAjajaII AjA^ ^ IaAIc .R.9.9.1.1a ^ Aia^jja 

A^l Jaj*A<all 9AA ,A.11 aj -■ Au a1^.aI A^JJ ^ ‘ uijla 

I^Xa^L aXIaaII a^IoIaII ^ ^a& ' ^^ 

,^Ufl aXIsIaII ^ R.9.9.1.1b Aaj^I 



Fig. R25.9.1. la—Local and general zones. 


Region behind Region ahead of 

anchorage device anchorage device 



Tendon 


General 

zone 


Sectional elevation 
through slab at anchorage 


Fig. R25.9.I .Ib — Genera! zone for anchorage device 
located away from the end of a member. 
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25.9.1.5 Stressing sequence shall be considered in the design 
process and specified as required by 26.10 

jA LaS fljj <UlaC ^ J> nh in ^ 25.9.1.5 

26.102 JjS U-> ‘rijilia 


25.9.2 Required strength 

sjSll 5.9.2 

25.9.2.1 Factored prestressing force at the anchorage device, Ppu, 
shall exceed the least of (a) through (c), where 1.2 is the load 
factor from 5.3.12: 

(a) 1.2(0.94/p^)Aps 

(b) 1.2{0Mfpu)Aps 

(c) Maximum jacking force designated by the supplier of 
anchorage devices multiplied by 1.2 

Jai i Ppu I tli j - i i ll ) JI4A ^ 25.9.2.1 

:5.3.12 (> J-l* jA 1.2 4;^ ‘ (2) J\ (i) 6- 

1.2(0.94/p,)Ap* (i) 
1 . 2 ( 0 . 8 Q^m)A;;s (v) 

1.2 yS AjjjJia 534.^1 Jj>« UJJaj ,.^1 ^jll sjS 

25.9.3 Local zone 

25.9.3.1 The design of local zone in post-tensioned anchorages 
shall meet the requirements of (a), (b), or (c): 

(a) Monostrand or single 16 mm. or smaller diameter bar 
anchorage devices shall meet the bearing resistance and local zone 
requirements of ACI 423.7 

(b) Basic multistrand anchorage devices shall meet the bearing 
resistance requirements of AASHTO LRFD Bridge Design 
Specifications, Article 5.10.9.7.2, except that the load factors shall 
be in accordance with 5.3.12 and (|) shall be in accordance with 

21 . 2.1 

(c) Special anchorage devices shall satisfy the tests required in 
AASHTO LRFD Bridge Design Specifications, Article 5.10.9.7.3, 
and described in AASHTO LRFD Bridge Construction 
Specifications, Article 10.3.2.3 

AiJaidl 25.9.3 

^ ^ i_i^ 25.9.3.1 

ji . mml 6 ijlaSll ji 3 .JJU .1 J* (‘r') J* (') 

ACI 4 iliUlialaj 

iljUIlald AjAjjLuStl (^).423.7 

‘ 5.10.9.7.2 . AASHTO LRFD cjU-aljAl 

(jjSj (ji (|) j 5.3.12 9jiill Cx)^ 0^ Ijc La^ 

tllljlAAVI ^ .aIAH 9j^i O' (J).21.2.1 

5.10.9.7.3 9JU11 1 AASHTO LRFD iiiLLaljA ^ ^jUaAll 

10.3.2.3 9JU11 i AASHTO LRFD (‘'441 (JjAasIja ^ ^ja^jaIIj i 


COMMENTARY 

R25.9.1.5 The sequence of anchorage device stressing can have a 
significant effect on the general zone stresses. Therefore, it is 
important to consider not only the final stage of a stressing sequence 
with all tendons stressed, but also intermediate stages during 
construction. The most critical bursting forces caused by each of the 
sequentially posttensioned tendon combinations, as well as that of 
the entire group of tendons, should be taken into account. 

Ailla,'All JajxJa ^lA jAb rinn'l J»n'*nM O' 0^^ R25.9.1.5 
^ J. Ill, 111 ^ AAI^aII AIajaII ^ ji^l ^>^-41 (jA ( 

jAjj .^'441 ^Lui <Uaujl4l JaIjaII LAjI (jSfj t 9.9 ^^a 1I tIbblAll ^jaa 

Jl ^.^1 Cj^blAil CjIaAjj ^ C54' AaaaI j^Vl jLj&Vl 0 ^ 

,l^4.a£lj (Ij^blAll 

R25.9.2 Required strength 

R25.9.2.1 The factored prestressing force is the product of the load 
factor and the maximum prestressing force permitted. The maximum 
permissible tensile stresses during jacking are defined in 20.3.2.5.1. 

C.jlibl R25.9.2 

9ja JaI* ^Ijj ijk JjjAia-bl (jiuiAll JI 4 AVI 9ja (jl R25.9.2.1 

^Lul Aj ^jAuiAh (jA JaJi ubjaj ^ .^.j ^jaua <1 ^ ' AI^aia 

.20.3.2.5.1 J iiji' 


R25.9.3 Local zone —The local zone resists very high local stresses 
introduced by the anchorage device and transfers them to the 
remainder of the anchorage zone. The behavior of the local zone is 
strongly influenced by the specific characteristics of the anchorage 
device and its confining reinforcement, and is less influenced by the 
geometry and loading of the overall structure. Local-zone design 
sometimes cannot be completed until specific anchorage devices are 
selected. If special anchorage devices are used, the anchorage device 
supplier should furnish test information to demonstrate that the 
device is satisfactory under Article 10.3.2.3 of the AASHTO LRFD 
Bridge Construction Specifications (LRFDCONS) and provide 
information regarding necessary conditions for use of the device. 
The main considerations in local-zone design are the effects of high 
bearing pressure and the adequacy of any confining reinforcement 
provided to increase concrete bearing resistance. 

^ ^IxU AxbjA JajiAa AaIaaII ^- AAaaII Allalbl R.9.9.3 

J^bj .dujbil ^ i^\ ' ^ jl^.A 

Jsi jkj - 9.1.9aa1| tluu AAaaII AUsIaII 

AaIaaII aUsIaII -j -' ''' ^Lul 0^ blAAl .ALaajj ^bbl " X . 

/_fX^ i ^Lujl 9j^i <A~. Ill ^ .‘tLoA ‘"'j;" ^ 

9.11.41 qAja j( ^ y 1( ^1 bjLa^^lxA 9jA^I jt^.A Xjjji 

AASHTO LRFD j * * "?" cjLL^Ija fja 10.3.2.3 

JLfaJi jalJiAtji'lI ^jjjJ4l Lijjlall JjA iIiLajAa jjSjjj ((LRFDCONS 

JaI^I iaSuSal\ CjIjAIj ^ A4aa11 ...U ^ A-ualijI1 (IjIjIjj&VI Jaajjj 

Jaaj ^jUa 9Jlj3i ^Aa ^4ajj 4^h4l 
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25.9.3.2 Where special anchorage devices are used, 
supplementary skin reinforcement shall be provided in addition to 
the confining reinforcement specified for the anchorage device. 

^ 25.9.3.2 

25.9.3.2.1 Supplementary skin reinforcement shall be similar in 
configuration and at least equivalent in volumetric ratio to any 
supplementary skin reinforcement used in the qualifying 
acceptance tests of the anchorage device. 

u^J ^Lala A.ilj.aS7il) fUakll in (jjSj (2)1 1-2-3-9-25 

<UAj.ll) ^ .1* f-lUiU iljU 


25.9.4 General zone 

^Ull 4ilalUl 25.9.4 



Fig. R 25.9.4—Tensile stress zones within the general zone. 


COMMENTARY 


R25.9.3.2.1 Skin reinforcement is placed near the outer faces in the 
anchorage zone to limit local crack width and spacing. 
Reinforcement in the general zone for other actions (such as 
shrinkage and temperature) may be used in satisfying the 
supplementary skin reinforcement requirement. Determination of the 
supplementary skin reinforcement depends on the anchorage device 
hardware used and frequently cannot be determined until the 
specific anchorage devices are selected. 

^ ijA ^Uaji R25.9.3.2.1 

^bill A^ialall ^ ^jluull -) 'A*;, „1 (jti nM) (jlajC 

(liUUala ^ (ijljafi JL>c5U 

La ^ i-ijAUt S^Uaall JjJaH la^ ^A.JLua'iS 

''' (lu^jll ^ iJjA 

R25.9.4 General zone —Within the general zone, the assumption 
that plane sections remain plane is not valid. Tensile stresses that 
can be caused by the tendon anchorage device, including bursting, 
spalling, and edge tension, as shown in Fig. R25.9.4, should be 
considered in design. In addition, the compressive stresses 
immediately ahead of the local zone should be checked (Fig. 
R25.9.1.1b). 

jIuipUI (jb (jlaljliVI 0.^ ‘ ^LUl Ailalall - ^bill AlklUl R25.9.4 

jajj jIjI I ^ ■ I' (2)) 1^) jA ^jlui.all 

(Js ‘ ^ La£ tiill jnill <U 1 j Lu 

Jakuall ^ i_i^ iiillj ^ ‘R.9.9.4 

.(R.9.9.1.1b .JSUlll) AjlaJl ASIalUl 
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25.9.4.1 The extent of the general zone is equal to the largest 
dimension of the cross section. In the case of slabs with 
anchorages or groups of anchorages spaced along the slab edge, 
the depth of the general zone shall be taken as the spacing of the 
tendons. 

^ ^ ^bill AllaLdl 25.9.4.1 

^ ji tlilj 

JcUj Jlu ^lidl AllaLdl 


25.9.4.2 For anchorage devices located away from the end of a 
member, the general zone shall include the disturbed regions 
ahead of and behind the anchorage devices. 

Ailaloll ^ ‘"V.'’'''" ^ A-ujulb 25.9.4.2 

^bdl 

25.9.4.3 Analysis of general zones 

4^uil jlaLldl Jjiab 25.9.4.3.1 

25.9.4.3.1 Methods (a) through (c) shall be permitted for design of 
general zones; 

(a) Strut-and-tie models in accordance with Chapter 23 

(b) Linear stress analysis, including finite element analysis or 
equivalent 

(c) Simplified equations in AASHTO LRFD Bridge Design 
Specifications, Article 5.10.9.6, except where restricted by 

25.9.4.3.2 The design of general zones by other methods shall be 
permitted, provided that the specific procedures used for design 
result in prediction of strength in substantial agreement with 
results of comprehensive tests 

^ 1-3-4-9-25 

23 iab^lj Cjbalf^l ^Jboj 

La ji ^ 

iCiLL^ljAllAASHTO LRFD Bridge ibVJUAll (j) 

-jA,25.9.4.3.2 Ajaybj dJji.4 bul£ V| ^5.10.9.6 d.^ball 
^ i „< 4*..,..'1 ( 2)1 ^bdl 

Alab^l ibljbl^VI ^bj ^ ^ 


COMMENTARY 

R25.9.4.1 The depth of the general zone in slabs is defined in 
AASHTO LRFD Bridge Design Specifications (LRFDUS), Article 
5.10.9 as the spacing of the tendons (Fig. R25.9.4.1). Refer to 
25.9.4.4.6 for monostrand anchorages 

AASHTO LRFD cjOaiU' J ^ R25.9.4.1 

.jSJill) iblbliil sJeUak 5.10.9 i (LRFDUS) 

^jUVl buaiUl 25.9.4.4.6 .(R25.9.4.1 



Fig. R25.9.4.1—Dimensions of general zone in post- 
tensioned slab. 

R25.9.4.2 The dimensions of the general zone for anchorage devices 
located away from the end of the member are defined in Fig. 
R25.9.Llb. 

j.ni't atllalall Jbui lIju R25.9.4.2 

.l‘R.9.9.1 js-ih J 

R25.9.4.3 Analysis of general zones 

J-aUll jIaLldl JiLb R25.9.4.3 

R25.9.4.3.1 The design methods include those procedures for which 
guidelines have been given in AASHTO LRFDUS and Breen et al. 
(1994). These procedures have been shown to be conservative 
predictors of strength compared to test results (Breen et al. 1994). 
The use of the strut-and-tie method is especially helpful for general 
zone design (Breen et al. 1994). In many anchorage applications, 
where substantial or massive concrete regions surround the 
anchorages, simplified equations based on AASHTO LRFDUS and 
Breen et al. (1994) can be used except in the cases noted in 
25.9.4.3.2. 

iillj u^bjji R25.9.4.3.1 ^Ixll .jbi*.,\t R.9.9.4.3 

Breen et j AASHTO LRFDUS J ^ biUL^jl 
Breen ) jbjiVI jbbL 4jjli« SjSlb »ja (j ijiu Jij .(al. (1994 

Ailaldl -tjmnM (jAa JjAa strut-and-tie jjl .(et al. 1994 

.jbi bj-v*, iiajjll cjlAjjiaj ^ .lalII ^ .(Breen et al. 1994) 
AASHTO o^Ljji ^b,..u ^ ..-v.b jj dj^ 

^ sjjSiall biVLaJl VI (jlaj (Breen et al. (1994 j LRFDUS 

25.9.4.3.2 
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COMMENTARY 


Values for the magnitude of the bursting force, Tburst, and for its 
centroidal distance from the major bearing surface of the anchorage, 
dburst, may be estimated from Eq. (R25.9.4.3.1a) and (R25.9.4.3.1b), 
respectively. The terms used in these equations are shown in Fig. 
R25.9.4.3.1 for a prestressing force with a small eccentricity. In the 
application of these equations, the specified stressing sequence 
should be considered if more than one tendon is present. 

.1 ^ i Tburst ^ 

Je- ‘ (R25.9.4.3.1b) j (Eq.(R25.9.4.3.1a 6- ‘ dburst 6- 
R.9.9.4.3.1 diVJhLall ^ i 

Ji Ilf in ^ jl^l 1 . 5 *^ Sjil 

.Ja,l J jis jjSi (ilUA tjis iJl JL^VI 


0.251 P 




(R25.9.4.3.1a) 


h , 

^hurst = 0.5(/7 - le^uc) (R25.9.4.3.1 b) 


where UPpu is the sum of the Ppu forces from the individual tendons; 
hanc is the depth of the anchorage device or single group of closely 
spaced devices in the direction considered; and eanc is the 
eccentricity (always taken as positive) of the anchorage device or 
group of closely spaced devices with respect to the centroid of the 
cross section (Fig. R25.9.4.3.1). Anchorage devices should be 
treated as closely spaced if their center-to-center spacing does not 
exceed 1.5 times the width of the anchorage device in the direction 
considered 


hanc ^ cjlLlill ppu jA EPpu 

j ‘ jjlalall tlib iy> jl 

jl i 1 u . u j 1 ) jijj LiljaJVl J* eanc 

^ I^aUI^ La^ Cj|j 3 (y> 

^ .(R.9.9.4.3.1 

Cuj^l 1.5 u^\ (iiliLuu 


^burst 
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25.9.4.3.2 Simplifed equations as permitted by 25.9.4.3.1(c) 
shall not be used for the design of a general zone if any of the 
situations listed in (a) through (g) occur: 

(a) Member cross sections are nonrectangular 

(b) Discontinuities in or near the general zone cause deviations in 
the force flow path 

(c) Minimum edge distance is less than 1.5 times the anchorage 
device lateral dimension in that direction 

(d) Multiple anchorage devices are used in other than one 
closely spaced group 

(e) Centroid of the tendons is located outside the kern 

(f) Angle of inclination of the tendon in the general zone is less 
than -5 degrees from the centerline of axis of the member, where 
the angle is negative if the anchor force points away from the 
centroid of the section 

(g) Angle of inclination of the tendon in the general zone is 
greater than +20 degrees from the centerline of axis of the 
member, where the angle is positive if the anchor force points 
towards the centroid of the section 

(c)25.9.4.3.1 ^ j* L 4 S liVJlji-a 25.9.4.3.2 

^ C)! AjIoIa »1 <4*.Ill 

^ UU*..... Jrjkh j^UjlU 

^ (jA Sj.a 1,5 ^Lui.al (^) 

ujA dJ&Lla d^lj ^ ^ (J) 

^JlLah jS ^ (») 

1 Cy* 5- Cy* ^^ (j) 

jSj.ah S+iu Sj£ <Uaij tlul£ |j| UJ^ 

(y> ^jJ 20 + CH ^..abdl Ailalah ^ (J) 

j£j.a 4ja^ tlul£ |j| CiJ^ 

.^laLdl 


COMMENTARY 

R25.9.4.3.2 The simplified equations in the AASHTO LRFDUS are 
not applicable in several common situations listed in 25.9.4.3.2. In 
these cases, a detailed analysis is required. In addition, in the post¬ 
tensioning of thin sections, flanged sections, or irregular sections, or 
where the tendons have appreciable curvature within the general 
zone, more general procedures such as those of AASHTO LRFDUS 
Articles 5.10.9.4 and 5.10.9.5 are required. Detailed 
recommendations for design principles that apply to all design 
methods are given in Article 5.10.9.3.2 of the AASHTO LRFDUS. 
Groups of monostrand tendons with individual monostrand 
anchorage devices are often used in beams. If a beam has a single 
anchorage device or a single group of closely spaced anchorage 
devices, the use of simplified equations such as those given in 
R25.9.4.3.1 is permitted, unless 25.9.4.3.2 governs. More complex 
conditions can be designed using the strut-and-tie method. Detailed 
recommendations for use of such models are given in AASHTO 
LRFDUS and Breen et al. (1994). 

Sjc J AASHTO LRFDUS J V R25.9.4.3.2 

lilUA .25.9.4.3.2 ^jltLa 

Cj|j ji ^ lull laj La ^ tiilli ^1 ,J^.aLa 

(jji,j.aLa fUiJI ji laLalaHlall ^ll.all ji icilj^l 

AASHTO -i ^ iillj JLa Aua^^.4& ilj|^l^)^l i^ljdl Allalall 
^jUai cjl^jill Jj5j .^jlka 5.10.9.5 J 5.10.9.4 Jl>4lLRFDUS 

AASHTO (> 5.10.9.3.2 sJLdl ^ 'a . j A ^'Ll l Jjla fje- Jjku ^411 
(jl£ til .9j.a£ll ^ daj.u.'S ^ ^iL^VI (lbLl4ll tlil£jaa^ LRFDUS 

^Il41ul (jlS -1 laa.'U ‘•’'j,*'" Sj^l Cy^ 9l^lj AC-y>^ jl l&lj Clu^ 9j.a4ll 

*S-vj ^ La iAj R25.9.4.3.1 dUaXAll iilla£ AJiu^I CLViIaaII 

fn .strut-and-tie faliiluL li^ Lijjla .25.9.4.3.2 

Breen j AASHTO LRFDUS j jUjll >ik ^alikluV Aluiia iiiLiuajj 

.(et al. (1994 
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25.9.4.3.3 Three-dimensional effects shall be considered in design 
and analyzed by (a) or (b); 

(a) Three-dimensional analysis procedures 

(b) Approximated by considering the summation of effects for 
two orthogonal planes 

^ JbuStI ^ i_i^ 3-3-4-9-25 

dllJ^bil jl^l LjJjHj JjUMl dil^lJ^l 


25.9.4.4 Reinforcement limits 

in'l Jj.1^ 25.9.4.4 

25.9.4.4.1 Tensile strength of concrete shall be neglected in 
calculations of reinforcement requirements. 

tliUUala dibUji^ ^ di^l JLaAl i_i^ 25.9.4.4.1 


25.9.4.4.2 Reinforcement shall be provided in the general zone to 
resist bursting, spalling, and longitudinal edge tension forces 
induced by anchorage devices, as applicable. Effects of abrupt 
changes in section and stressing sequence shall be considered 

JaL^lj diljl^^iVI ^bdl Aiialoh ^ 25.9.4.4.2. 

jl^l i_i^ .f-l iduj^l Sj^l 1^ iLa^Ull ^l^l ^ 

Jl^yi J> Ilf iilj ^laLdl ^ iU^U.ail diljjjull jlji ^ 


^burst 








^anc ~\ 
Ppu 1 

T 

1 

c: 



Ppu^^ 

"^burst 


^ul2 






(a) Rectangular section 


^burst * 0.25Ppo 


dburst 



(b) Flanged section with end diaph ragm 
Tburst ® 0.50Ppo 

Fig. R25.9.4.4.2—Effect of cross section change. 


COMMENTARY 


R25.9.4.3.3 The provision for three-dimensional effects is to ensure 
that the effects perpendicular to the main plane of the member, such 
as bursting forces in the thin direction of webs or slabs are 
considered. In many cases, these effects can be determined 
independently for each direction, but some applications require a 
full three-dimensional analysis (for example, diaphragms for the 
anchorage of external tendons). 

jLucl ^ JSUUI ^ jbuVl ^51^1 dllj^bJb t>aLiJl j»Sadl JLiu R25.9.4.3.3 

dl^VI j1^4jVI ^ 'j.Jait.l.l ^ * in ijll ^^^1 ui.a 1| ddaliUAll dilj^bll 

dilj^loll idiVI^I bH ,diUa^i^l ji 

JbuStl ^blaJ '"'I U^J ‘ JHuu 

(Aj^jl^l dbbIdU dujliil 1 Jlldil 


R25.9.4.4 Reinforcement limits 


jjbdUl jjja. R25.9.4.4. 


R25.9.4.4.2 In some cases, reinforcement requirements cannot be 
determined until specific tendon and anchorage device layouts are 
selected. Design and approval responsibilities should be clearly 
assigned in the construction documents. Abrupt changes in section 
can cause substantial deviation in force paths. These deviations can 
greatly increase tensile forces, as shown in Fig. R25.9.4.4.2 


diJaJi ^ ^jAuuil (libllala V i diVt^l R25.9.4.4.2 

4^lj.dlj -j diblj[jidi.a JjJaJi i_i^ .duj^lj di^l£U .-,1 

^ Ij^ lilj^l ^laLdl ^ wl a»ll tliljjjuil ,^U4| ^ 

^ ^ La£ 1 bililj^VI .dj^l diljbiM 


R.9.9.4.4.2 
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25.9.4.4.3 For anchorage devices located away from the end of 
the member, bonded reinforcement shall be provided to transfer at 
least 0.35Pp« into the concrete section behind the anchor. Such 
reinforcement shall be placed symmetrically around the anchorage 
device and shall be fully developed both behind and ahead of the 
anchorage device. 

AxSljll ‘"'J.*’*'*" A-ujiilb 3-4-4-9-25 

.I'nj n't I aK ^ 0.35Ppu Cf" ^ 

Ji. 9 ^ jlabla ‘ 

25.9.4.4.4 If tendons are curved in the general zone, bonded 
reinforcement shall be provided to resist radial and splitting 
forces, except for monostrand tendons in slabs or where analysis 
shows reinforcement is not required. 

i ^bill AiiaiAll ^ <tu&.La Clul£ Ijj 25.9.4.4.4. 

pUjluL ( <IjLaL«.iiAjVlj ‘ 

25.9.4.4.5 Reinforcement with a nominal tensile strength equal to 
2 percent of the factored prestressing force shall be provided in 
orthogonal directions parallel to the loaded face of the anchorage 
zone to limit spalling, except for monostrand tendons in slabs or 
where analysis shows reinforcement is not required 

djfi 4^ Z2 ^ 25.9.4.4.5. 

^ ^ ^ aXaUIaII ^ 

ji CjUa^UIl pUllyub 


COMMENTARY 

R25.9.4.4.3 Where anchorages are located away from the end of a 
member, local tensile stresses are generated behind these anchorages 
(Fig. R25.9.1.1b) due to compatibility of deformations ahead of and 
behind the anchorages. Bonded tie-back reinforcement parallel to 
the tendon is required in the immediate vicinity of the anchorage to 
limit the extent of cracking behind the anchorage. The requirement 
of 0.35Pp« was derived using 25 percent of the unfactored 
prestressing force being resisted by reinforcement at ^.6fy 
considering a load factor of 1.2. Therefore, the full yield strength of 
the reinforcement, fy, should be used in calculating the provided 
capacity 

- Au Jajxba 1 j.baxll (jC U.^ I..a.ljc R25.9.4.4.3 

Ijjiin (R25.9.1.1b I'ljn'i') tJA 

^^ Cj5bl£ll Jjbull ujllu 

^ pljj jj‘ ^ Cy* dj>^b-a 

jja l^JLajll.a ^ 44cLba.>ll ijk ^ Z25 nb 0.35Fpu 

iiiUjl ,1,2 J.alfi jbjcVI ^ 0.6fy in') 

AxuJI ubaj^ ^ ( fy Alal£ll ^jH.a 


R25.9.4.4.5 The spalling force for tendons for which the centroid 
lies within the kern of the section may be estimated as 2 percent of 
the total factored prestressing force, except for multiple anchorage 
devices with center-to-center spacing greater than 0.4 times the 
depth of the section 

aUaiall ^ Cj5bl£ll ^ db^l 0^ R25.9.4.4.5 

^bjlub 1 iji ija AjLall ^ 2 ^Jal^all i\jj 

.d^ 0.4 Cy* 0^ iblibaiAll dJJxLall 

^laLall 
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25.9.4.4.6 For monostrand anchorage devices for 12.7mm. or 
smaller diameter strands in normalweight concrete slabs, 
reinforcement satisfying (a) and (b) shall be provided in the 
general zone, unless a detailed analysis in accordance with 
25.9.4.3 shows that this reinforcement is not required; 

(a) Two horizontal bars at least No. 13 in size shall be provided 
parallel to the slab edge. They shall be permitted to be in contact 
with the front face of the anchorage device and shall be within a 
distance of hl2 ahead of each device. Those bars shall extend at 
least 150 mm. either side of the outer edges of each device. 

(b) If the center-to-center spacing of anchorage devices is 300mm. 
or less, the anchorage devices shall be considered as a group. For 
each group of six or more anchorage devices, n + \ hairpin bars or 
closed stirrups at least No. 10 in size shall be provided, where n is 
the number of anchorage devices. One hairpin bar or stirrup shall 
be placed between each anchorage device and one on each side of 
the group. The hairpin bars or stirrups shall be placed with the 
legs extending into the slab perpendicular to the edge. The center 
portion of the hairpin bars or stirrups shall be placed 
perpendicular to the plane of the slab from 3/i/8 to hl2 ahead of 
the anchorage devices. 

mml2.7 iillwJl 4 uinlL 6-6-4-9-25 

,25.9 4 ^ La ^ 

Jjj 4.3 

^ ^ 13 joSj LAJJC JL V ^ (i) 

o'l ^LaSh JLodjVL ^1^ ,^5141 

.mm 150 tjl j ' bl' ) aJA Jloj ( 2 )i i.^ h / 2 

. Cy> 

ji mm300 >4i js jaIi rnjn't Qa iiiliLua a l) tiuis |j| 

jl Aaaa ^ A\i inllj dj^.^1 (ju 4 

AlILa jl n + 1 duj^l L}W 4 a 3 (j>a 

ji .1^1 J ^4ajj ,<Lulall n 4^ tlQ JiSh 

^ (j^Luill JjXoj ^ (liUl£ll ji O^Ji^ 

4ja5t4l jAjmC’ ji 0“Ji^ O-a JaujSlI ^ 

.‘4j441 5 hl2 t^!3Ii/8 (> 


COMMENTARY 

R25.9.4.4.6 For monostrand slab tendons, the generalzone minimum 
reinforcement requirements are based on the recommendations of 
ACI 423.3R, which were based on Breen et al. (1994). Typical 
details are shown in Fig. R25.9.4.4.6. The horizontal bars parallel to 
the edge required by 25.9.4.4.6(a) should be continuous where 
possible. The tests on which the recommendations of Breen et al. 
(1994) were based were limited to anchorage devices for 12.7mm. 
diameter. Grade 270 strand, and unbonded tendons in normalweight 
concrete. Thus, for larger strand anchorage devices and for use in 
lightweight concrete slabs, ACI Committee 423 recommended that 
the amount and spacing of reinforcement should be conservatively 
adjusted to provide for the larger anchorage force and smaller 
sphtting tensile strength of lightweight concrete (ACI 423.3R). ACI 
423.3R and Breen et al. (1994) both recommend that hairpin bars 
also be furnished for anchorages located within 300mm. of slab 
corners to resist edge tension forces. The meaning of “ahead of’ in 
25.9.4.4.6 is illustrated in Fig. R25.9.1.1b. In those cases where 
multistrand anchorage devices are used for slab tendons, aU 
provisions of 25.9.4 are to be satisfied. The reinforcement 
perpendicular to the plane of the slab required by 25.9.4.4.6(b) for 
groups of relatively closely spaced tendons should also be provided 
in the case of widely spaced tendons. 

..m .laJi diUllala .lHuj 4 ^5141 4li5Ll^ 4.uj4.'Ub R25.9.4.4.6 

Breen et al. ij\ biiiljil ^41 4 ACI 423.3R biLu^ajj Ji\ ^ 

Lil 4 *^ .R25.9.4.4.6 A^jjAall J.ufali'U) .((1994 

25.9.4.4.6 ^ 

(1994) Breen cjUAajj ^414blj'-44.'ih .o'4->Vt jJi (i) 

yi 4ja4jji ibiLLSj 270 mm 12.7 Ujlas iajj ^JS sJiUAA 

j^Vl 4 I 4 IJ 4Cua.111j 4fill4 (jjjll 4 I 4 IJ 

4Lu£ , U, ACI 423 ^ iliodji 4(JJjll A ajS-^ 4liUa514l ^ . 1 4.^*;, ..M'j 

^Ljij4U SjSj 4iuj41l Sji j:j^j4 ■' ^4u4l SjcUaj 

Je- (ACI 423.3R) .ACI 423.3R and Breen et al. (1994) ^ 

0>4a& 4luj41l CxS^ 0^ 

^ ^jjxA jjAoajj j»jj.5iLaJi aJa jjfi 3.ajli4 JiaiUi bljj ^ .mm300 

4baa4 j.ji44 4b>iIL»4l <^.R.9.9.1.1b JS4111 J 25.9.4.4.6 

4_i^. 25.9.4 fliolul 4.1^ 4 ^5bll 4b5bl.4 4luj41l aJJala 

(b) 25.9.4.4.6 -i Aia^bll ^j 444A jAbt44l ^4ui4l ja£jJ l4aji 

Jcb4l 4blj 4ll5bl4l ^ ^jUloll 4b5bl4l 4blj /-.If-J-'V 
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25.9.4.5 Limiting stresses in general zones 

J-alxll jlaLLall ^ 25.9.4.5 

25.9.4.5.1 Maximum design tensile stress in reinforcement at 
nominal strength shall not exceed the limits in Table 25.9.4.5.1. 

(3 25.9.4.5.1 

.25.9.4.5.'LiAkji'ill SjSll Jjft 


COMMENTARY 



Fig. R25.9.4.4.6—Anchorage zone reinforcement for groups of 12.7 
mm. or smaller diameter tendons in slabs. 

, 12.7 R25.9.4.4.6 - 

jL.dSh jlalll till j It^l tIi5Ll£ I ji 

R25.9.4.5 Limiting stresses in general zones 

5^1*11 jlalldl ^ jl^VI Ja. R25.9.4.5 

R25.9.4.5.1 The value for nominal tensile strength of bonded 
prestressing steel is limited to the yield strength of the prestressing 
steel because Eq. (20.3.2.3.1) may not apply to these nonflexural 
applications. The value for unbonded prestressing steel is based on 
20.3.2.4.1, but limited for these short-length, nonflexural 
applications. 


djA ^jlc- iLii ^m VI ii^l R25.9.4.5.1 

sift ylft (jjlajj V JS (20.3.2.3.1) .Jjla-dl £^>4a^l 

jV.^1 liluu .iLJalxtlajVI tliUjjlajll 

.iLJaUuiuVI ‘<'j i 20.3.2.4.1 
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Table 25.9.4.5.1—Maximum design tensile stress in 

reinforcement 

'^ 14 ^! (1)^ - .25.9.4.5.1 


l^e of reinforcement 

Maximum design tensile stress 

Nonprestressed reinforcement 

fy 

Bonded, prestressed reinforcement 

fpy 

Unbonded, preslressed reinforcement 

/aa + 70 


25.9.4.5.2 Compressive stress in concrete at nominal strength 
shall not exceed 0.7 A fci' , where A is defined in 19.2.4. 

AjauVI cj|j 'T‘4:j25.9.4.5.2 

.19.2.4 juj X ‘ ' XfciO.7 


25.9.4.5.3 If concrete is confined by spirals or hoops and the 
effect of confining reinforcement is documented by tests and 
analysis, it shall be permitted to use an increased value of 
compressive stress in concrete when calculating the nominal 
strength of the general zone. 

ji AIsajjIjj iluLS (jl 25.9.4.5.3 

,A.abdl ^ •ijC’ ^ ia3uSal\ tJjlJla 


25.9.4.5.4 Prestressing reinforcement shall not be stressed until 
compressive strength of concrete, as indicated by tests of 
cylinders cured in a manner consistent with curing of the member, 
is at least 17 Mpa for single strand or bar tendons or at least 28 
Mpa for multistrand tendons unless 25.9.4.5.5 is satisfied 

JaxJall V 25.9.4.5.4 

Aljjiaj ^ diAj t-lUjl.i. ..yt L4S t 

Jajj^ ji JlLyib 17 ‘ ^ 

^ ^ u i4Jl bbblil JlLib 28 JiVI (_jlc. ji a 4J1 ib5bis 

25.9.4.5.5 


COMMENTARY 


R25.9.4.5.2 Some inelastic deformation of concrete within general 
zones is expected because anchorage zone design is based on a 
strength approach. The inclusion of the A factor for lightweight 
concrete reflects its lower tensile strength, which is an indirect factor 
in hmiting compressive stresses, as well as the wide scatter and 
brittleness exhibited in some hghtweight concrete anchorage zone 
tests. 

AdUfi jjlaUali Ajb^^ ijJiiil) (jdsxj (jm R25.9.4.5.2 

^ ^ i ^ Ajji OJ.^t ^ 

biljb^l ^ AiUdVb 1 <blali.uijVI 

R25.9.4.5.3 For well-confined concrete, the effective compressive 
strength may be increased (Breen et al. 1994). Test results given in 
Breen et al. (1994) indicate that the compressive stress introduced 
by auxiliary prestressing applied perpendicular to the axis of the 
main tendons can be effective in increasing anchorage zone strength. 

Allx&ll bt ■t.i'l ij£ aJbJ i Ajbjij^ ^.ujil'b R25.9.4.5.3 

ji^ (1994) .Breen et al biljbliVl jbUj .(Breen et al. 1994) 

cj5bl£ I jjA-9 .icbju 


R25.9.4.5.4 To limit early shrinkage cracking, monostrand tendons 
are sometimes stressed at concrete strengths less than 17 Mpa. In 
such cases, either oversized monostrand anchorages are used, or the 
strands are stressed in stages, often to levels one-third to one-half of 
the final prestressing force as permitted by 25.9.4.5.5. 

Jj viiM t ^b^SlI ^ aStyi .IaII R25.9.4.5.4 

aJA Jla ^ .JLLyib 17 UA Jii Ajbjij^l ajS Jalia JaC AjJI^VI bi5bl£ 

1 d^IjA ^ aJ 4 ^ bi 5 bl£ ^jlC’ ^ ji i AjJL&I ^ i 

(jAua ft l) Jl4^YI iji (JA t i>aa.i.l) (kl^l bibjluu J:!^ 

.25.9.4.5.5 'b ja US 
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25.9.4.5.5 Provisions of 25.9.4.5.4 need not be satisfied if (a) or 
(b) is satisfied: 

(a) Oversized anchorage devices are used to compensate for a 
lower concrete compressive strength 

(b) Prestressing reinforcement is stressed to no more than 50 
percent of the final prestressing force 

(i) jU iJl 25.9.4.5.4 (J 25.9.4.5.5 





jt^yi 


25.9.5 Reinforcement detailing 


25.9.5 


25.9.5.1 Selection of reinforcement size, spacing, cover, and other 
details for anchorage zones shall make allowances for tolerances 
on fabrication and placement of reinforcement; for the size of 
aggregate; and for adequate placement and consolidation of the 
concrete. 

(jhUal a'ttj ^Uaxllj 25.9.5.1 

1 jji tliljjUlll Ci'ili (liulll 
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CHAPTER 26 
INSPECTION 

26.1—Scope 


CODE 

CONSTRUCTION DOCUMENTS AND 

^l^iSI^ JataMUll ^Idj - 26 

JMl 26.1 


COMMENTARY 


R26—CONSTRUCTION DOCUMENTS AND INSPECTION 


R26.1—Scope 


^l^iSI^ JataMUll - R26 

JMl R26.1 


This chapter establishes the minimum requirements for information 
that must be included in the construction documents as applicable to 
the project. The requirements include information developed in the 
structural design that must be conveyed to the contractor, provisions 
directing the contractor on required quality, and inspection 
requirements to verify compliance with the construction documents. 
In previous editions of the Code through 2011, these provisions 
were located throughout the document. Starting with the 2014 
edition, with the exception of Chapter 17, all provisions relating to 
construction have been gathered into this chapter for use by the 
licensed design professional. Construction- and inspection-related 
provisions associated with anchors are in Chapter 17 and are called 
out within Sections 26.7 and 26.13, as appropriate. This chapter is 
directed to the licensed design professional responsible for 
incorporating project requirements into the construction documents. 
The construction documents should contain all of the necessary 
design and construction requirements for the contractor to achieve 
compliance with the Code. It is not intended that the Contractor will 
need to read and interpret the Code. A general reference in the 
construction documents requiring compliance with this Code is to be 
avoided because the contractor is rarely in a position to accept 
responsibility for design details or construction requirements that 
depend on detailed knowledge of the design. References to specific 
Code provisions should be avoided as well because it is the intention 
of the Code that all necessary provisions be included in the 
construction documents. For example, references to specific 
provisions within Chapter 26 are expected to be replaced with the 
appropriate references within the project construction documents. 
Reference to ACI and ASTM standards as well as to other 
documents is expected. This chapter includes provisions for some of 
the information that is to be in the construction documents. This 
chapter is not intended as an all-inclusive list; additional items may 
be applicable to the Work or required by the building official. ACI 
301 is a reference construction specification that is written to be 
consistent with the requirements of this Code. It is recognized that 
there are situations, such as those in precast or post-tensioned 
structures, where design and detaihng of portions of the Work are 
delegated to specialty engineers or contractors who may retain the 
services of a specialty engineer. Such specialty engineers should be 
licensed design professionals who are sufficiently knowledgeable in 
the design and construction of the structural items being delegated 
for design. 
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^ iliLa^^IxAll CjUlIala ^ <^1 1.^ 

^ CjLajIxAll CjUI^sIaII (J'AMiJj ^ 

JjUaII A^jj (Jjli.4ll ^1 I^.iUj ^ 

^ JIjI^VI Cy* cilj.MVl «JjUl2al<aj 

^ dJ^j.4 d^ ‘2011 ij^ cj-a 

AlklAll ^ ^17 pLulub ^2014 .A^^l pl^i 

26.7 ^ 17 ^UlaIIj Vj'A^ kloll 

^1 J.>^ill 1.^ .fLJildVl «jHiN ( 26.13 j 

(3^^J «IjUl2al4 Jjj.Ufa4ll 

JIjIaVI JjI^aII ^J^I pU^lj ijjLiiaiLa ^jlc- 

djL^yi ^1 Ci\ JjIIaII ^ jj.i^L4ll 4><^ 

(j_A ^ JjU-all ^IjllVl t-iiljaTu pL^VI ^ ^bdl 

pU^I CiUliald ji Ja^L&a AJ ^amu ^ 

^ ^1 CiljLuVI *--u^ ^jaLftll 


^1 >a11j 26 dJ.^^ ^1 CiljLuVI JlJLilyul ^jIaII ^ ijlloll 

ASTM j ACI (j^\ SjLSiVl ^jIaII ^ ,^j>A4ll pUj (3 j'^J 4^UaI1 

^1 uj^ CjLajIsaII 4j^39kJ Ul^l J.>^iil 1^ 4jAJaL .^j^) (^\ AiLiaVb 

(J3^ ^■^•Ta< J^alt llit Jjii^iAll (JaA .pUajVI UJ^ 

ACI 301 (J^ ^ ^jAIoaII ji jAxil ^uWUl UlJal 

.J^^l IIa CiUliala ^ CJ-i^ ^ Ajx^ja pUj tJjLi^l^ ^jl^ 

Jxj ji UJ.1^1 ^ iillj Jaa iilUA (2)1 ^ UAjaXaII 

jl (J^.<^.<^&AaI1 (J^'^^^-aI] JaxII (2>A flj^l ^ ^ 

L^^JA (J>^ 0^ ‘ •'‘^^ ,(JA>^a1a (JM,iA^ CjLaJ^ ja i^jJl 

^ ^JXAJ ^JJlLuJ ^OAA^llI ^ ^ 

I ^ ^ <tjKj^ \t j^UxIl pL^lj 


Chapter 26 is organized as shown below: 

[dljJl 4^)^ jA LaS ^ial. 26 

Chapter 26 is organized as shown below: 


Section 

Coverage 

26.1 

Scope 

26.2 

Design criteria 

26.3 

Member iiifoiiiiatioii 

26.4 

Concrete materials and mixtme requirements 

26.5 

Concrete production and constniction 

26.6 

Reinforcement materials and constniction requirements 

26.7 

Anchoring to concrete 

26.8 

Embedments 

26.9 

Additional requir ements for precast concrete 

26.10 

Additional requirements for prestressed concrete 

26.11 

Fomiwork 

26.12 

Concrete evaluation and acceptance 

26.13 

Inspection 
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26.1.1 This chapter addresses (a) through (c); 

(a) Design information that the licensed design professional shall 
specify in the construction documents, if applicable. 

(b) Compliance requirements that the hcensed design 
professional shall specify in the construction documents, if 
applicable. 

R26.1.1 Chapter 17, Anchoring to Concrete, also contains design 
information, compliance requirements, and inspection requirements 
for anchoring to concrete. 

LJul 4 27 R26.1.1 

laJjU ildUIlalaj Jl^laVI iljUllalaj 

:(2;) (i) J-aill Ij* JjUl! 26.1.1 

o! 

( 2)1 ‘ (Jjljj iji lajj^ (u) 

R26.1.1(a) and (b) Except for the inspection requirements of 26.13, 
the provisions of this chapter are organized by design information 
and compliance requirements. Design information is project specific 
and developed during the structural design. It describes the basis of 
the design or provides information regarding the construction of the 
Work. Only design information that is applicable to the Work need 
be provided. Compliance requirements are general provisions that 
provide a minimum acceptable level of quality for construction of 
the Work. It is not the intent of the Code to require the licensed 
design professional to incorporate verbatim the compliance 
requirements into the construction documents. Some of these 
requirements may not be applicable to a specific project. 
Construction documents that incorporate the minimum applicable 
compliance requirements of this chapter are considered to comply 
with the Code, even if the requirements are stated differently, 
exceed these minimum requirements, or provide more detail. 

'■ula.u ^ 1 26.13 ^1 CjUllala (uj j (ij R26.1.1 

jA ‘ .JljldVl iliUllaxaj Qa 

CjL4^^1x.4 jl 

JljldVl CjUllald 

lyi jail SJj^I Qa i]j^A jj^AitA ^Jl jSjl ^ 

JljlaVI tliLllala j& ^jJj j.dl ^iJAt^l jjji lyt ( 2)1 .^J^l 

jjjaj .( 2 )^a.a ^jja^ CjUIlalAll dJA (jlaaj ( 3 ^ 1 ajj V .pUHVI CjIaILjm 

IIa (_^ (Jj. 4 a. 4 ll (Jlll^VI CjUUalal (^JVI A^I QamSla (^I fU^VI ililAlluM 

J^l Jjt^ ji ‘ »''^4 (j£^ diUUalall ^ ill iJj^l ^ ^.ASljla (J-^»" 

,(Jj 4^L&11| (2)4 Aij4 jl Cjbllalall (2)4 (^JVI 

(c) Inspection requirements that the hcensed design professional 
shall specify in the construction documents, if applicable. 

R26.1.1(c) Section 26.13 provides inspection provisions to be used 
in the absence of general building code inspection provisions. These 
inspection requirements are intended to provide verification that the 
Work complies with the construction documents. The inspection 

( ^ ciljMiVl 

requirements of the governing jurisdiction or the general building 
code take precedence over those included in this chapter. Refer to 
26.13.1. ACI 311.4R provides guidance for inspection of concrete 
construction, and ACI 311.6 is a reference specification for testing 
services for ready mixed concrete. 

3lU 4 . 4 lAil 44 l i^ljll Lilj-iVI j»Lia.i ^Jc■ 13-26 sJl-dl t>a" R26.1.1(c) 

jA 9JA laIjuVI CjUUalu (2)4 (jlajkll jll4l ( 2 )jli (jijllll 4.4l£ ^l£^l 
^ ..-1 Alt laIjuVI cjLllal4 jll4l iblAlj444 ^ (^IjL (J^all ( 2 )i (2)4 (jA&llI j4fijj 

IAA ^jl4ll ilUi ijlC’ 4^1.. 1^1 ^Ixll fUJl ( 2 )jlA ji (PUlaill (jdUdlkVb 

j .^U4jall iblfiLllVI (jaa^ CjULijI ACI 311.4R .26.13.1 i?.jl 

.ajAl^l AlLuj^l jUl^l diLaAkl Aaxxja Ai^alja ( 2 )C ajbc jA ACI 311.6 
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26.2 — Design criteria 

J^lfc»26.2 

R26.2 — Design criteria 

[Qiitftrflill - R26.2 

26.2.1 Design information: 

(a) Name and year of issue of the Code, general building code, 
and any supplements governing design. 

(b) Loads used in design. 

R26.2.1(a) and (b) Reference to the applicable version of the 
documents that govern the design including essential loading 
information, such as gravity and lateral loading, is to be included in 
the construction documents. 

26.2.1 

UjliLual pUJi j-ajj jlA^I 

(yi AijiaAll SjLiVl (‘-h) j (^) R26.2.1 

^ i Jla ( «IjL4.^^Ix.a (illj ^ Loj 

(c) Design work delegated to the contractor including applicable 
design criteria. 

R26.2.1(c) The licensed design professional often delegates the 
design of portions of the structure to a specialty engineer, such as 
one retained by the contractor. The licensed design professional 

.^.j iiUj ^ Loj JjIaaII jLopj 

should provide the necessary information for the completion of this 
design consistent with the overall design of the structure. This 
information includes design loads that impact the delegated design 
work. An example is earthquake design criteria for precast concrete 
fascia panel connections to provide compatibility with the overall 
structural system. 

ijA ka Lllfr R26.2.1 

^Ixll ^ Loj lift jLa^V 

JlLa JlA&i JLa&I 

JJV^l '' ‘ 

26.3 — Member information 

-26.3 

R26.3 — Member information 

yaidti\ - R26.3 

26.3.1 Design information: 

«IjLajix.a 26.3.1 

R26.3.1(a) Construction tolerances for member size and location can 
be incorporated in construction documents by reference to ACI 117 
for cast-in-place construction or to ACI ITG-7 for precast 

(a) Member size, location, and related tolerances. 

construction. Specific project tolerances that are more restrictive or 
that are not covered in these references should also be included in 


the construction documents. 

^ 4ji in'L tiiljjlij R26.3.1(a) 

J?-i 6- ACI ITG-7 j\ jij-h J (‘kull ACI 117 

jt ttjja*: j^Vl dJi^-ail QaamSu L^I >.U 

cjllalua. J.ah ^ ^ 
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26.4—Concrete materials and mixture requirements 

4^1 -26.4 

26.4.1 Concrete materials 

^Uuji Jljji 26.4.1 

26.4.1.1 Cementitious materials 

Ajlu-iSri Jl>«ll 26.4.1.1 

26.4.1.1.1 Compliance requirements; 

(a) Cementitious materials shall conform to the specifications in 
Table 26.4.1.1.1(a). 

: JliLaVl ijjLUlal. 26.4.1.1.1 

26.4.1.1.1 cjLL.dljAll ^ Ajll&uSh 0^ (^) 

■ ".(i) 

Table 26.4.1.1.l(a)-Specifications for cementitious materials 

AjjI&uiVI - (i) 26 . 4 . 1 . 1 . 1 Jij^^l 


Table 26.4.1.1.1(a)—Specifications for cementitious 
materials 


Cementitious material 

Specification 

Portland cement 

ASTMCl.SOM 

Blended liydianlic cements 

ASTM C595M. excluding Type IS 
(>70) and Type IT (S> 70) 

Expansive hydraulic cement 

ASTM C845M 

Hydraulic cement 

ASTMC1I.S7M 

Fly asli and natiual pozzolau 

ASTM C618 

Slag cement 

ASTM C989M 

Silica fiime 

ASTMCI240 


(b) All cementitious materials specified in Table 26.4.1.1.1(a) and 
the combinations of these materials shall be included in 
calculating the w/cm of the concrete mixture. 

jjj 1 -1-1 -4-26 aJJa-all 4jn<niiSf) ^jJj 

ujl 111^ ^ 


COMMENTARY 

R26.4—Concrete materials and mixture requirements 

- R26.4 
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26.4.1.2 Aggregates 

?^J\26A.^.2 

R26.4.1.2 Aggregates 

j.l5jllR26.4.1.2 

26.4.1.2.1 Compliance requirements; 

(a) Aggregates shall conform to (1) or (2); 

(1) Normalweight aggregate; ASTM C33. 

(2) Lightweight aggregate; ASTM C330. 


iJliLaVl <::i4llil-26.4.1.2.1 
:(2) j' (1) O' (') 

: ASTM C33. (1) 

: ASTM C330. (.15^11(2) 


(b) Aggregates not conforming to ASTM C33 or ASTM C330 
are permitted if they have been shown by test or actual service to 
produce concrete of adequate strength and durability and are 
approved by the building official. 

R26.4.1.2.1(b) Aggregates conforming to ASTM specifications are 
not always economically available and, in some instances, materials 
that do not conform to ASTM C33 or C330 may have a documented 
history of satisfactory performance under similar exposure. Such 

'j! ASTM C330 j' ASTM C33 5 .^ (u) 

CilJ ^Lyuj^l ji ^ 0 ^ 

nonconforming materials are permitted if acceptable evidence of 
satisfactory performance is provided. Generally, aggregates 
conforming to the designated specifications should be used. 

U.ll» Uib ASTM JiUiah j»LSjll ^jSj V (ij)R26.4.1.2.1 

j' ASTM C33 JS i ‘ 

JLu ij!a jiLill tlaaJi j.all (,$1^0330 

4 ^\£, pbSlI ^ 

iliLL.dlj.aU ^LLaII ^LSjh ^IjLUjiI i_a^ 

26.4.1.3 Water 

26-4-1-3 

R26.4.1.3 Water 

»l^' R26.4.1.3 

26.4.1.3.1 Compliance requirements; 

(a) Mixing water shall conform to ASTM C1602M. 

(b) Mixing water, including that portion of mixing water 
contributed in the form of free moisture on aggregates, shall not 
contain deleterious amounts of chloride ion when used for 
prestressed concrete, for concrete that will contain aluminum 
embedments, or for concrete cast against stayin-place galvanized 
steel forms. 

R26.4.1.3.1 Almost any natural water that is potable and has no 
pronounced taste or odor is satisfactory as mixing water for making 
concrete. Excessive impurities in mixing water may affect setting 
time, concrete strength, and volume stability, and may also cause 
efflorescence or corrosion of reinforcement. Salts or other 
deleterious substances contributed from the aggregate or admixtures 
add to those that might be contained in the mixing water. These 
additional amounts are to be considered in establishing the total 

<::i41Ial,26.4.1.3.1 
ASTM C1602M.a- ja'jli O' (') 

fjk ^Lyiu ial^l pLa ^ ipl-All 

djLJa CjUiaS V) ‘ ^ 

( ^ ji ( ^ ■ '■ ** 

(jk CuAyuVl ^Lyuj^ jl 

impurities that may be present in the concrete. 

ji ^»ia R26.4.1.3.1 

fL4ll ial^ (_gk fLoil jal^ Aj^j.a 

JsIj (jk (^Lyuj^l djfij 

CiliiLJayi ji djUia jl JSLj jI ^Lyuj^l 

^ UUaVl dkib ^ ^ pU ^ ^ c^! 

^ CiJ^ uuljAll ^ 


R26.4.1.3.1(a) ASTM C1602M allows the use of potable water 
without testing and includes methods for qualifying nonpotable 
sources of water, such as from concrete production operations, with 
consideration of effects on setting time and strength. Testing 
frequencies are established to ensure continued monitoring of water 
quality. ASTM C1602M includes optional limits for chlorides, 
sulfates, alkalis, and solids in mixing water that can be invoked if 
appropriate. 
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26.4.1.4 Admixtures 


CiaalaJl26.4.1 .4 


26.4.1.4.1 Compliance requirements 

(a) Admixtures shall conform to (1) through (4): 

(1) Water reduction and setting time modification: ASTM 
C494M. 

(2) Producing flowing concrete: ASTM C1017M. 

(3) Air entrainment: ASTM C260M. 

(4) Inhibiting chloride induced corrosion: ASTM C1582M. 

(b) Admixtures that do not conform to the specifications in 
26.4.1.4.1(a) shall be subject to prior review by the licensed 
design professional. 


rJli-Vl i:jL41al»26.4.1.4.1 
l(4) i_^\ (1) O* (}) 

: ASTM C494M. (1) 

: ASTM C1017M. s;ll!!(2) 

: ASTM C260M. (‘Ijfhentrainment (3) 

: ASTM C1582M.Aijjis j^Ull Jsuil ^*^(4) 

, 26.4.1.4 i ajIliA't (liliUdVI (u) 

(c) Calcium chloride or admixtures containing chloride from 
sources other than impurities in admixture ingredients shall not be 
used in prestressed concrete, in concrete containing embedded 
aluminum, or in concrete cast against stay-in-place galvanized 
steel forms. 

fjk ji ^Uji Jal^l tliUjLa ^jk uljAll 

..U ■I'.tt 


COMMENTARY 

jUjil cxS'^ »l^ jalJaijib ASTM C1602M (')• R26.4.1.3.1 

i ‘“'Ijbe. JI4 i db.all ^Ijla 

CjIJJjj pbljl ^ CjljjjUl dlflj.4 ^ 

jjia. ^ ASTM C1602M J.a1^ .aLlaII d^^AluiAll 4^1j.al| 

ial^l dU«4 fjk 

liUj (^JS IjI 


R26.4.1.4 Admixtures 


b.lLlidiR26.4.1.4 


R26.4.1.4.1(a) ASTM C494M includes Type S—specific 
performance admixtures—that can be specified if performance 
characteristics not listed in 26.4.1.4.1(a) are desired, such as 
viscosity-modifying admixtures. The basic requirement for a Type S 
admixture is that it will not have adverse effects on the properties of 
concrete when tested in accordance with ASTM C494M. Meeting 
the requirements of Type S does not ensure that the admixture will 
perform its described function. The manufacturer of an admixture 
presented as conforming to Type S should also be required to 
provide data that the product will meet the performance claimed. 

‘ S ASTM C494M (i)R26.4.1.4.1 

(a) 26.4.1.4.1 ^USlI bul£ |j| 

QjSa ^ Ajj jib § ^_^bjjVl iajAII, ^jjhl JjJaj bilfiLbal 

ASTM Ai..dlj.aU tjbli^l Jjc ijlC’ SjLba bilj^b 

jJjj bjijAa O'Abu V S bib.Uat'A ‘b^ 0!C494M. 

§ bb llsj ^jaII ijj^ o‘^ 

,<b OW biULu j^jji 

R26.4.1.4.1(c) Calcium chloride is prohibited from use in 
prestressed concrete because corrosion of prestressing reinforcement 
is generally of greater concern than corrosion of nonprestressed 
reinforcement. Local reduction in the cross section of the 
prestressing steel may result in fracture of the steel (ACI 222R). The 
presence of chloride ions may cause corrosion of embedded 
aluminum such as conduit, especially if the aluminum is in contact 
with embedded steel and the concrete is in a humid environment. 
Protection requirements for embedded aluminum are given in 
26.8.2. 


Aifuu ^bji^ jiaa^ R26.4.1.4.1(c) 

JSb ija jJaOa "* ^ j£bll 

<1 aj..... ^JaLdl ^ -'I 

JsL ^ bibjj'l Jjuj u Lubu ja (ACI 222R). jVjill 

^ UjM^U.a U} (db^l JI 4 

.26.8.2 ^baull tlibHala, <bu ^ 


Corrosion of galvanized steel sheet and galvanized steel stay-inplace 
forms may occur, especially in humid environments or where drying 
is inhibited by the thickness of the concrete or coatings or 
impermeable coverings. Specific hmits on chloride ion 
concentration in concrete are given in 19.3.2.1. 

4^1.^ , ja'-^ .-'I uL^I ^>a 1I ^ ^jjj.iaAl) ^^bll JSb 

AbacSh ji f^Uall ji ^Lauu ' aja.v':'l ^ j\ Abajll jjk 

^ ^ aJ4u.a JjAu fUaCi ^jinSa'I 

.19.3.2.1 
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(d) Admixtures used in concrete containing expansive cements 
conforming to ASTM C845M shall be compatible with the 
cement and produce no deleterious effects. 

diluil ^ ■*" ^ ^ A a'I in nil (^) 

,9jLd till jl Vj tliluiSlI ^ 4.^1 jla ASTIM C845IVI -1 


26.4.1.5 Steel fiber reinforcement 


ciUlSlI ^jfin 26.4.1.5 


26.4.1.5.1 Compliance requirements: 


: jm-Vl tiiLUIal. 26.4.1.5.1 

(a) Steel fiber reinforcement used for shear resistance shall 
satisfy (1) and (2): 

(1) Be deformed and conform to ASTM A820M. 

(2) Have a length-to-diameter ratio of at least 50 and not 
exceeding 100. 

. (^2)j (1) ..lu 

ASTM A820M.^I>*i 09^2(1) 

.100 JjUja Vj 50 Jii V >ail J\ JjiJi 4J(2) 


26.4.2 Concrete mixture requirements 

^Laj^I tlil.41alA26.4.2 


26.4.2.1 Design information; 

tiiLA^^IiL426.4.2.1 

(a) Requirements (1) through (11) for each concrete mixture, 
based on assigned exposure classes or design of members: 

(1) Minimum specified compressive strength of concrete, fc' . 

(2) Test age for demonstrating comphance with fc' if different 
from 28 days. 

(3) Maximum w/cm applicable to most restrictive assigned 
durability exposure class from 19.3.2.1. 

(jiajaull tliUS ijiC' ^Uj 1 ^Ljij^l ^ (11) u^\ (1) 0*° tliUUalall (i^ 

1 ^Ljij^ 9J4&.all JaAiill 9.^ JaJi ^1^ ;^Ui3cSll ■* •''' ji 9J4a.all 

28 CP 0*^ '4' fc ' (jalj^l jljliVI o^fc (2) 

Jn-s'll 9j^ jiull ‘Ui ^JaiLA (J^laLw/cin 4^1 (3) 

.19.3.2.1 o- 


R26.4.1.4.1(d) In some cases, the use of admixtures in concrete 
containing ASTM C845M expansive cements has resulted in 
reduced levels of expansion or increased shrinkage values. Refer to 
ACI 223R. 

4JLjij^I ^ ^LaaII jIjaII ^l.ii.ruj| ^j'l i diVt^l (4)R26.4.1.4.1 

j\ jAAjjll iJjbjljM o^liaJI ^1 4**jiljll ASTM C845M ^k- 

ACI 223R.t^l! 

R26.4.1.5 Steel fiber reinforcements 


LiUlSri R26.4.1.5 


R26.4.1.5.1(a) Deformations in steel fibers enhance mechanical 
anchorage with the concrete. The Mmits for the fiber length-to- 
diameter ratio are based on available test data (Parra-Montesinos 
2006). Because data are not available on the potential for corrosion 
problems due to galvanic action, the use of deformed steel fibers in 
members reinforced with stainless-steel bars or galvanized steel bars 
is not recommended. 

. ^ 4j<j*KjaU jjau uL^I ^ (‘t)R26.4.1.5.1 

(Pnrrn- ^i^aIi jLj^vi ciL^i Jjls ^i jlaiii ajaaj 

jsUiA ijja. JLa19.I Jaaj SjSjla jk liULjJl fji IjlajMontesinos 2006). 

^LJa&SlI ulAdll LiUli <4*. „l j •*" J.9idl uuaju dSUll 

.4.. ji;'^9 ji i ^jUaII jVjill Cy’ 4^4uia1I 

R26.4.2 Concrete mixture requirements 

^Laj^i ■■'ll iii.i*.' R26.4.2 


R26.4.2.1(a) The requirements for each concrete mixture used for 
the Work are to be stated in the construction documents. These are 
determined from applicable concrete design requirements in 19.2 
and durability requirements in 19.3. The most restrictive 
requirements that apply are to be stated. 


aaaII ^Laj^I ^ (3^ cjUIlala 44^ ^i) l-2"'4~26 94La1| cjUUsAA 

aII t-,1 ai.i*;.. ^ CjUllalAll 94A .L4^ 4 au^I ^Uj d.Axll 

I ^^1 |4j^ J^SlI ildUIialAll jS4 19.3 ^LIaII ildUIialAj 19.2 
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(4) Nominal maximum size of coarse aggregate not to exceed the 
least of (i), (ii), and (iii); 

(i) one-fifth the narrowest dimension between sides of forms 

(ii) one-third the depth of slabs 

(iii) three-fourths the minimum specified clear spacing between 
individual reinforcing bars or wires, bundles of bars, prestressed 
reinforcement, individual tendons, bundled tendons, or ducts 
These limitations shall not apply if, in the judgment of the 
licensed design professional, workability and methods of 
consolidation are such that concrete can be placed without 
honeycombs or voids 

(iii): (i) j (ii) j (i) ch Jsi V (4) 

(ii) 

(iii) 

^ i |j| sJA 3 .'^" 'll ji tUx-dl ji 

liUi fjA Jj4 nn't ‘ULli 1 

.iJjlftlji tjjJj ^>41 ^ 5 L 4 J yjll 

(5) For members assigned to Exposure Category F, air content 
from 19.3.3.1. 

^ ‘ F "" 4.uju11j(5) 

.19.3.3.1 

(6) For members assigned to Exposure Class C, applicable 
chloride ion limits for assigned Exposure Class from 19.3.2.1. 

‘ C i^\ jF" *" ^UPa&bU 4jiin'lj 

. 19.3.2.1 ^ 4_i41 

(7) For members assigned to Exposure Category S, type of 
cementitious materials for assigned Exposure Class from 19.3.2.1. 

AjUauVI i S ^ jF;* •*" fLiacSU Ajaju11j(7) 

.19.3.2.1 ^ AjjxaII 

(8) For members assigned to Exposure Class S2 or S3, admixtures 
containing calcium chloride are prohibited. 

CjliLoiAl) jlaa^ i S3ji S2 (j^\ """ 4.auu11j(S) 


COMMENTARY 

R26.4.2.1(a)(4) The size limitations on aggregates are provided to 
facilitate placement of concrete around the reinforcement without 
honeycombing due to blockage by closely-spaced reinforcement. It 
is the intent of the Code that the licensed design professional select 
the appropriate nominal maximum size aggregate and include this 
value in the construction documents for each concrete mixture. 
Because maximum aggregate size can impact concrete properties 
such as shrinkage, and also the cost of concrete, the largest 
aggregate size consistent with the requirements of 26.4.2.1 should 
be permitted. Increasing aggregate size will only decrease shrinkage 
if there is a concurrent reduction in paste volume. 

SjLujaJl ^Jk■ R26.4.2.1(a)(4) 

(JA JIaIIj, d.^Ul4 AIsaaIjJ JIAwuI 

^ 

(2)Sl Ijlki, tjA CjlJjluu ^ ^ ‘'3" 9 JA i.^U.all 

JIa ijlc- jjjj (2)1 

, 26.4.2.1 iljlAllalA ^ (3^ ^ LJ^ i 

^ ^ijIa i4Ua o^kA^jvi i_^\ 

R26.4.2.1(a)(5) ASTM C94M and ASTM C685M include a 
tolerance for air content as delivered of+1.5 percentage points. 

^ U-Laa aSTM C685M j ASTM C94M R26.4.2.1 (a) (5) 

4jaij 1.5 ^ 
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(9) Equilibrium density of lightweight concrete. 

R26.4.2.1(a)(9) Equilibrium density is an estimate of the density of 

4iii^ 

lightweight concrete assuming some degree of drying after initial 
construction. The equilibrium density of lightweight concrete is 
determined in accordance with ASTM C567M. Based on an 

(10) Requirement for submittal of the volumetric fractions of 
aggregate in lightweight concrete mixtures for the verification of 

X value if used in design. 

established correlation between the density of fresh concrete and 
equilibrium density, lightweight concrete is accepted at time of 
delivery on the basis of density of the fresh concrete. 

jaJl jjjSj 4jli4j Qjljjll jj^R26.4.2.1 (a) (9) 


CuIj LUjl ^ pLL ASTM C567M, -i 4JUujaiI 

^ UJ>y^ 4JLbuj^l ^ 

^^Lyui 

(11) If used for shear resistance in accordance with 9. 6. 3.1, 
requirements for steel fiber-reinforced concrete. 

R26.4.2.1(a)(l 1) If steel fibers are used for shear resistance, there 
are specific requirements for the steel fiber-reinforced concrete: 

^Lyuj^l iJjUILIaI ( 9.6.3. 1 J ilL4.1^lLyul 

ciLiVL 

26.4.1.5.1(a) provides fiber requirements; 26.4.2.2(d) provides 
minimum dosage requirements; and 26.12.5.1(a) provides 
acceptance criteria. Eibers are typically specified by fiber type, fiber 
length, aspect ratio (f/d), and dosage rate (ACI 544.3R). Eor 
structural applications, the Code only addresses the use of 
discontinuous deformed steel fibers in resisting shear. Eor other 
structural applications where it is desired to use discontinuous 
deformed steel fibers. Section 1.10 provides a procedure for 
approval. Also, there are nonstructural apphcations or functional 
purposes where discontinuous steel fibers are used in concrete. The 
provisions of the Code that address use of steel fibers for shear 
strength are not intended for such nonstructural apphcations. 

.-ii all*., 1 uL^l LiUli Ill ^ |j| R26.4.2.1 (a) (11) 

‘ ciUlVI tliUllal. j£jj (i) 26.4.1.5.1 ciUlSltj ^ 

j^lxa jijj (i) 26.12.5.1 j i cjUJkU! JaJl jijj (J)26-4-2-2 

i ciUlSlI Jjla ‘ LiUlSlI ciUlSlI 

(jla 1 cjLlj.Jx'll (ACI 544.3R). ^‘ (t / d) £.142jVI 

, ^ Axlailail 2 ljU ..'1 Ja^ 

LiUli <4*. Ill ujUxdl ijjij 

CjlLulaj lilUA t i.4aji, AjIc 1.10 ‘ 2 IJl'v ..'t 

uL^I ciUli JjUiu ^Lyuj^l 

,^U^I JI 4 I 
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(b) At the option of the licensed design professional, exposure 
classes based on the severity of the anticipated exposure of 
members. 

ilui Xaj&j diUS ^ (u) 


(c) The required compressive strength at designated stages of 
construction for each part of the structure designed by the licensed 
design professional. 

26.4.2.2 Compliance requirements; 

(a) The required compressive strength at designated stages of 
construction for each part of the structure not designed by the 
licensed design professional shall be submitted for review, (b) 
The maximum percentage of pozzolans, including fly ash and 
silica fume, and slag cement in concrete assigned to Exposure 
Class F3, shall be in accordance with Table 26.4.2.2(b) and (1) 
and (2). (1) The maximum percentage hmits in Table 26.4.2.2(b) 
shall include the fly ash or other pozzolans, slag cement, and 
silica fume used in the manufacture of ASTM C595M and 
Cl 157M blended cements. 

(2) The individual limits in Table 26.4.2.2(b) shall apply 
regardless of the number of cementitious materials in a concrete 
mixture. 

rJlilaVl cjUlal.26.4.2.2 

djiuij jjUalAll jLajII iiUj ^ Laj t 

iSsj i F3o^3. 

V-uh JjJaJl i^). (1) 2 (j "(1) J (“) 26.4.2.2 

i. it LfaAij J* jjlialall jUjll (b) 26.4.2.2 3 j^^1 

ASTM C595M CaIauVI ^ 3.A..\^ruAAl) IJL'LaI) i 

(‘j) 2-2-4-26 J SJjIjII Jj-iadl jiai: C1157M. (2) j 


COMMENTARY 

R26.4.2.1(b) Durability requirements for concrete are based on 
exposure classification of members as given in 19.3. Therefore, the 
exposure classes applicable to the members establish the basis for 
the requirements for concrete mixtures. Section 19.3.1 requires the 
licensed design professional to assign exposure classes for different 
members in the structure. Concrete mixtures should be specified 
accord- ingly, but the Code does not require the assigned exposure 
classes to be exphcitly stated in the construction documents. If the 
licensed design professional is requiring the contractor to determine 
concrete properties by specifying ACI 301, the assigned exposure 
classes for all members will need to be stated explicitly in the 
construction documents. 

^Ura&SU .-iiau*., (u^K26.4.2.1 

diUS i liUjlj, 19.3 

I 19.3.1 uillajj, cjUIlalAl 

.. CjUS 

^ 3 ..'I CjU£ ^IjJl V ‘ 3jLjlJ^I 

^L4a&Sb ^ ' 3 .^.^4 ..'I diUS i ACI 3014!^^ ^ 3jLjij^l 

L^yi i-.l <”■ I... ^ 3.^ljAd jSjj ( 2)1 

R26.4.2.1(c) If design or construction requirements dictate that in- 
place strength of concrete be achieved at specific ages or stages of 
construction, these requirements should be stated explicitly in the 
construction documents. Typical stages of construction when the 
required compressive strength of concrete needs to be specified 
include at removal of formwork and shores. Additionally, required 
compressive strength of concrete should be specified for; 

1 ) cast-in-place posttensioned concrete at the application of post¬ 
tensioning; 

2 ) precast concrete at stripping from the forms and during handling, 
shipping, and erection; and 

3) precast, prestressed concrete at transfer of prestress, at stripping 
from the forms, and during handling, shipping, and erection. For 
portions of the structure that are not designed by the licensed design 
professional, refer to 26.4.2.2(a). 

3JLjij^I ji 1^1,$ |j| (^)R26.4.2.1 

(liUUalah 1 , 5 *^ t jLafrI ^ 

3.'j'^‘'" iakJall 3j£ ^14^ Lilic (3^13j ^ 

3jjllaAll JaUuAijVI 3 j2 i lillj 3iL4ayi.j, tlillull ^U! 3jUAjiLll 

La (Jrulaj ^ •ixj La ^jaII ^ A^jaaa 3jUjij^l (1 ija 3JLuj^ 

AI^LaaII ^Ljji^ ^AAaa^aII ^.AaaaaII 2 ) ■ u m\1 .iXA 

^ Jjj&aII ^ J331 i A^aaaaII 3JLwjj^I (, 3) t 

^ ^ ^ A-uaLILj, ( .LUj 3 JjL1a 1I pLjjij i JLLuSlI 

. (a)26.4.2.2 j ‘ j^jAAOjll ^iLAaki 
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Table 26.4.2.2(b)—Limits on cementitious materials for concrete 
assigned to Exposure Class F3 

^ AjjIoajjSII 2~2~4~26 

F3 


Cementitious materials 

Maximum percent of total 
cementitious materials by 

mass 

Fly ash or other pozzolans conforming 
toASTMC618 

25 

Sl^ cement conforming to ASTM 
C989M 

50 

Silica fume conforming to ASTM 
C1240 

10 

Total of fly ash or other pozzolans and 
silica fume 

35 

Total of fly ash or other pozzolans, 
slag cement, and silica fiune 

50 


(c) For concrete exposed to sulfate, alternative combinations of 
cementitious materials to those specified in 26.4.2.1(a)(7) are 
permitted if tests for sulfate resistance satisfy the criteria in Table 
26.4.2.2(c). 

^ ..t j ( CjUjjjSII 

tilltlul£ |j| (a) (7) 26.4.2.1 »J.lAall t^llil ^jnmiiVI Jlj.411 
.(j) 26.4.2.2 JjJaJI ^ SJjIjII ^ 

Table 26.4.2.2(c)—Requirements for estabhshing suitability of 
combinations of cementitious materials exposed to water-soluble 
sulfate 

lUIajiLAil AjjIaiijjSII JI^^I tlili^jj 2~2-4~26 

^Loll ^ ^l^l tliLLjjlII 


Exposure 

class 

Maximum expansion strain if tested using ASTM C1012M 

At 6 months 

At 12 months 

At 18 months 

SI 

0.10 percent 

No requirement 

No requirement 

S2 

0.05 percent 

0.10 per cent^O 

No rquirement 

S3 

No rquirement 

No requirement 

0.10 percent 


[l]The 12-month expansion limit applies only if the measured expansion 
exceeds the 6-month maximum expansion limit. 

J^l LulLdl aJl^l tlijjl^ |j| VI Ij^ 12 tUunjIil .1^ '^[1] 

_j^ ‘ Axuijjli 


COMMENTARY 


R26.4.2.2(c) Mixture requirements for Exposure Category S are 
given in 19.3.2.1. ASTM C1012M may be used to evaluate the 
sulfate resistance of concrete mixtures using alternative 
combinations of cementitious materials to those listed in Table 
19.3.2.1 for all classes of sulfate exposure. More detailed guidance 
on qualification of such mixtures using ASTM C1012 is given in 
ACI 201.2R. The expansion criteria in Table 26.4.2.2(c) for testing 
according to ASTM C1012 are the same as those in ASTM C595M 
for moderate sulfate resistance (Optional Designation MS) in 
Exposure Class SI and for high sulfate resistance (Optional 
Designation HS) in Exposure Class S2, and the same as in ASTM 
C1157M for Type MS in Exposure Class SI and Type HS in 
Exposure Class S2. 

u^. 19.3.2.1 S ^ 4.^1421 liiitaJl iiiUlkla Jjj (j)R26.4.2.2 
^Luj 41I iluj^l ASTM C1012M ^Ii^jmjI 

I 19.3.2.1 Jj4^l ^ aj^IaII iiUj ^1 4 ja1a4jjS1I JI^^I Qa 

tIiUal42l Jla JaAU j^I tliljLujI tIiUjjj£21 ^j^jull tliUS 

J SjjIjII Jiull jAjbLA ACI 201.2R. J ASTM C1012M j.lJ41«W 
'J ^ ASTM C1012M 4i^l>41 jl^iU (c) 26.4.2.2 
hk J,) t^jLuiVI on.^1 (MS J^jlidASTM C595M 

g24iAll jailll ^ HS) §1 

HS SI J MS ASTM C1157M J JUll > US . 

S2.o^j*^l ^ 
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(d) Steel fiber-reinforced concrete used for shear resistance shall 
satisfy (1) and (2): 

(1) Conform to ASTM Cl 116M. 

(2) Contain at least 60 kg of deformed steel fibers per cubic yard 
of concrete. 

ciUlSlI ^ (^) 

i( 2 ) j ( 1 ) ^ 

. ASTM C1116M fr« (1) 

Jjb I j'ln't cibli lyi JiVl jhS 60 J^(2) 

,Ajbjjj^l ^ CMafh.a 

26.4.3 Proportioning of concrete mixtures 

<b^ 26.4.3 


26.4.3.1 Compliance requirements; 

(a) Concrete mixture proportions shall be established so that the 
concrete satisfies (1) through (3): 

(1) Can be placed readily without segregation into forms and 
around reinforcement under anticipated placement conditions. 

(2) Meets requirements for assigned exposure class in accordance 
with either 26.4.2.1(a) or 26.4.2.1(b). 

(3) Conforms to strength test requirements for standardcured 
specimens. 

biUlal.26.4.3.1 

■(3) (1) 

tijjJa Jla ^ ( 1 ) 

. 26.4.2.1 ji (a) 26.4.2.1 ISjla Aia.*!! 4ja liUlkLu ^ (2) 

(b) 

..IjflU cjUjxll djill jb^t cjbllald ^ (3) 


COMMENTARY 


R26.4.3 Proportioning of concrete mixtures The 2014 edition of the 
Code does not include the statistical requirements for proportioning 
concrete that were contained in previous editions. This information 
was removed from the Code because it is not the responsibility of 
the licensed design professional to proportion concrete mixtures. 
Further, this information is available in other ACI documents, such 
as ACI 301 and ACI 214R. Finally, the quality control procedures of 
some concrete producers allow meeting the acceptance criteria of 
the Code without following the process included in previous editions 
of the Code. 

.-il 2014 Jalx 'b^R26.4.3 

tJA ^0! ^ <Ll4.b3ldl ^bjij^l '/‘"It"' iy.l 

^ V t^jSl 0 ^ biLa^jlxxll 

Jla i ACI tlibajlxAll »JA ‘ '41 j ^bji 

QiaJilall bifrljxj i Ijjxij ACI 214R. jACI 301 

AAjLuiI) ^ A.ibxl) £^bjl ijji 


R26.4.3.1(a) This section provides requirements for developing 
mixture proportions. The concrete is required to be workable and to 
meet the durability and strength requirements of the Code. The term 
“without segregation” is intended to provide for a cohesive mixture 
in which aggregates remain well distributed while the concrete is in 
its fresh state. It is recognized that some segregation in the form of 
bleeding will occur. The required workability will depend on 
reinforcement congestion, member geometry, and the placement and 
consolidation methods to be used. Construction requirements of the 
contractor should be considered in establishing required workability 
of the concrete. The Code does not include provisions for especially 
severe exposures, such as chemical contact, high temperatures, 
temporary freezing-and-thawing conditions during construction, 
abrasive conditions, alkali-aggregate reactions, or other unique 
durability considerations pertinent to the structure. The Code also 
does not address aesthetic considerations such as surface finishes. 

If applicable, these items should be covered specifically in the 
construction documents. Strength test requirements for standard- 
cured specimens are given in 26.12.3. 
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(b) Concrete mixture proportions shall be established in 
accordance with Article 4.2.3 of ACI 301 or by an alternative 
method acceptable to the licensed design professional. Alternative 
methods shall have a probability of satisfying the strength 
requirements for acceptance tests of standardcured specimens that 
meets or exceeds the probability associated with the method in 
Article 4.2.3 of ACI 301. If Article 4.2.3 of ACI 301 is used, the 
strength test records used for establishing and documenting 
concrete mixture proportions shall not be more than 24 months 
old. 

ji ACI 301 cH 3~2~4 

f.t tjl.lit ^U.v^-vi 

ji ^"Ija'l cjU^b ^ CjUllala 

^ 1^! ACI 301. 3-2-4 sJl-dl ^ »Jjljll ^jJah 

ys. Jjjj Vi Sjill jlj^l ‘ ACI 3010^ 4.2.3 

24 Cf" i-ilU'-v'l ^lAjV ^ - <^*. ...''I 1 n't 

(c) The concrete materials used to develop the concrete mixture 
proportions shall correspond to those to be used in the proposed 
Work. 

A^Uxa CjUalkil 

i .. <4*. ...I't (^1112 

(d) If different concrete mixtures are to be used for different 
portions of proposed Work, each mixture shall comply with the 
concrete mixture requirements stated in the construction 
documents. 

J.4ail ^ ^JajV^ .1 <4*..,1 ^ 

Sjjljh biUllalu ^ C)i 


COMMENTARY 

ujlla.4 _ 1.144't uuu biLHala ni') ijft (i)R26.4.3.1 

L)JA" O! SjUl cjUliala 

1 iiLyjLalLa Ja^4^ ij^\ ‘ ^ J 

.lAjaj « Ljyiu ^ yaxj (2|i Lijja.all ^ ^ 

(jjiaj 1 ^IJa&Vlj ^ ‘'Ij ,^4, „-'l ijlc. ‘ULll 

^ JjU.41 tliUllala ^ / - <4*, „a'1 ""U 

iJjjAh ^l£^i ijlC’ J.4lk^ V J.4xll ‘ULli 

L.Ajjiaj djijxil CjlxjJj 4^1x4^! JI 4 

aJjjih ji ‘bKlI ji Ja^^l ji ^L^VI ^tjji 

^La^I CjIjLj&VI ^ 11 j A l.^sU cj|j ^jxVl 

i-il ^ ^jlC’ j.>.dUxll 9 itUi', iUIaa liUj |j| _<Uxixuih 

.26.1 2.3 ..I ja'l CjUjxU cjUUaLa ^ 

R26.4.3.1(b) Article 4.2.3 of ACI 301 contains the statistical 
procedures for selecting the required average strength that were 
included previously in the Code. Alternatively, the concrete 
producer may provide evidence acceptable to the hcensed design 
professional that the concrete can be proportioned by another 
method to meet the project requirements and the acceptance criteria 
of 26.12.3. The Code presumes that the probability of not meeting 
the acceptance criteria in 26.12.3 is not more than 1 in 100. 
Following the method of proportioning in ACI 301 will maintain 
this level of risk. A key factor in evaluating any proposed alternative 
proportioning method should be its ability to preserve this presumed 
level of risk. Refer to ACI 214R for additional information. 

jUlxV ^L-axV' ACI 301 t> 3-2-4 5J>-4l (u)R26.4.3.I 

^ ^LaII ^ Clul£ djill JxjjjIa 

( 2 )^.aj ^Laj^I ^iaaa^aII ^^a^-aI V.,^Aa bUIj ^Laj^I ^uIa 

. 26.12.3 ^JJaxaII cjUIialA AaaIaI ^ 

iy> 1 Jjjj V 26.12.3 fUnm) JLajxI (ji 

ija IJA ulC: JaiLxj uijAA ACI 301 I.uiilh') ^jla Juj .100 

jk ^jaXa i—bdjUj ij * ‘UJaIxII q 5 % jW4 ..\t 

ACI 214R i^\ J^jl. (j^jaLaH ij* ^ JaliaJi ^Jc. 

.AbSLAal CiLajIila ijlC’ 


R26.4.3.1(d) If more than one concrete mixture is used for the 
project, each mixture is required to satisfy Code requirements. A 
change in concrete constituents, such as sources or types of 
cementitious materials, aggregates, or admixtures, is considered a 
different mixture. A minor change in mixture proportions made in 
response to field conditions is not considered a new mixture. 
Concrete mixture requirements to be placed in the construction 
documents are given in 26.4.2.1(a). 

^ yi ^I^xaaaI ^ IjI (■i)R26.4.3.1 

jJull j^jau V. t jl t jl f- AjUaajjVI JIj-aII 

^ CiUal^l uiwu ^ 

.(i) 26.4.2.1 
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26.4.4 Documentation of concrete mixture characteristics 




26.4.4.1 Compliance requirements: 


cJliL.Vl cjL'l]3l426.4.4.1 


(a) Documentation of concrete mixture characteristics shall be 
submitted for review by the licensed design professional before 
the mixture is used and before making changes to mixtures 
already in use. Evidence of the ability of the proposed mixture to 
comply with the concrete mixture requirements in the 
construction documents shall be included in the documentation. 
The evidence shall be based on field test records or laboratory 
trial batches. Field test records shall represent conditions similar 
to those anticipated during the proposed Work. 

ija Aa^Ij. 411 CjUal^l ^^'<1 (^) 

'■'j'l ijlC' lit 

..'I ^ -■ 

IjiC' i^\ i-il aU'.'j 

ujlaJill tliUij ji 


(b) If field or laboratory test data are not available, and fc' 35 
Mpa, concrete proportions shall be based on other experience or 
information, if approved by the licensed design professional. If fc 
> 35 Mpa, test data documenting the characteristics of the 
proposed mixtures are required. 

fc ' ^ 35 J 1^114 jjC (^j-ukal) ji tlul£ |j| 

i ji dj4^l uiuJII ^IMpS 

CjUUj i fc '> 35 MpaO'^ ain't') cijja,« 

j4^V) 


COMMENTARY 

R26.4.4 Documentation of concrete mixture characteristics 

^Ujij^I ■■•iili'4'i j^'ii c^J^R26.4.4 


R26.4.4.I(a) Review of the proposed concrete mixture is necessary 
to ensure that it is appropriate for the project and meets all of the 
requirements for strength and durability as established by the 
licensed design professional. The licensed design professional 
typically reviews the documentation on a proposed concrete mixture 
to evaluate the likelihood that the concrete will meet the strength- 
test acceptance requirements of 26.12.3 and that acceptable 
materials are used. The statistical principles discussed in ACI 214R 
can be useful in evaluating the likelihood that a proposed mixture 
will meet the strength-test requirements of 26.12.3. Concrete 
mixture requirements to be placed in the construction documents are 
given in 26.4.2.1(a). 


AiajiU ^1 mb' IjjjjJa ^jjid) ^1^jaJ) lajlkl) (ji)j*iji) (')R26..4.4.1 

^ it ^LLolIj djill CjliHald 

Alklall uijH^ 

^ djlll jtj4^) i-it aUlA ^Lyjj^) (2)' J'-44^) 

^1 irTsV) ^iJktuji) ^ 26.12.3 

‘-■I^ (JjUaj 4 41 ..*.^1 . ^ ACI 214R 

l^jLuaj i-il 26.12.3 

.(■') 26.4.2.1 J (‘1441 


R26.4.4.1(b) If fc' < 35 Mpa and test data are not available, 
concrete mixture proportions should be established to produce a 
sufficiently high average strength such that the likelihood that the 
concrete would not meet the strength acceptance criteria would be 
acceptably low. Guidance on an appropriate average strength is 
provided in ACI 214R. The purpose of this provision is to allow 
construction to continue when there is an unexpected interruption in 
concrete supply and there is not sufficient time for testing and 
evaluation. It also applies for a small project where the cost of trial 
mixture data is not justified. 

jjjaj I jWlkV) cj'-i'jjj fc ' < 35 Mpa ^ 'j!R26.4.4.1 (b) 

l-u iUll£ iji la^jla 

iIi)j1.a4j) JjAd (3^4^ 4.>ia4d^^) ^l^yij^) plijlu) 

^UjH jA IJA ijM (jia jxll ACI 214R. iUuil4«ll lauijla 

^l.uij^) CjlJ'ila) ^ ^iJa^) iiliJA (^,5% 1.44I& jlj^luiV'.J 

^ V jAi^ Ului (JjlaL jl i_il£ cAj 
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(c) If data become available during construction that consistently 
exceed the strength-test acceptance criteria for standard-cured 
specimens, it shall be permitted to modify a mixture to reduce the 
average strength. Submit evidence acceptable to the licensed 
design professional to demonstrate that the modified mixture will 
comply with the concrete mixture requirements in the 
construction documents. 


(2) 

, laadijla ^a■ in*i i 4,^1x411 ..Ka'I iliUjxU 


26.5—Concrete production and construction 


26.5.1 Concrete production 


jliMJIj gUj|26.5 - 

jaJi 2;i^!26.5.1 


26.5.1.1 Compliance requirements: 

(a) Cementitious materials and aggregates shall be stored to 
prevent deterioration or contamination. 

(b) Material that has deteriorated or has been contaminated shall 
not be used in concrete. 


iJlilaVl i:jUlala26-5-l-l 

, ji jjAJjll ^lal (jnamSf) jilj (}) 

^ ^jlail ji ' (lauajuj . <4.*, 


(c) Equipment for mixing and transporting concrete shall conform 
to ASTM C94M or ASTM C685M. 

ASTM C94M ^Uxa JJLji jaJl Jijj Jalxh CjlJxa (j) 

.ASTM C685M. 


(d) Ready-mixed and site-mixed concrete shall be batched, mixed, 
and delivered in accordance with ASTM C94M or ASTM 
C685M. 

4 ..'Ij ^ ^4^ 

.ASTM C685M.jiASTM C94M 


COMMENTARY 

R26.4.4.1(c) Often, at the beginning of a project, concrete mixtures 
will be proportioned conservatively to ensure passing the strength- 
test acceptance criteria. As test data showing actual variability 
become available, it may be appropriate to proportion the mixture 
less conservatively. Refer to ACI 214R for guidance. Concrete 
mixture requirements to be placed in the construction documents are 
given in 26.4.2.1(a). 

iijitxll lalx fjj i ^ I 6^^^' (2)R26.4.4.1 

CjUUj 4 l44l .y.. 4^jlaj 4^Luj^l 

uiuLLdl ija .4^ i ^ll4 44lxih .-J Ua'll jbjxVI 

i^aj j»jj. cjbUijVl Jj-axh ACI 214R ^jl, Uaixi Jsi ba-v'l 

.(i) 26.4.2.1 Aj JsjIx ■-'I ab*.. 


R26.5—Concrete production and construction 

Detailed recommendations for mixing, handling, transporting, and 
placing concrete are given in ACI 304R. 


jUJIj mUjaJI sUjR26.5 - 

Jal^b 4 .^14'I 4 ^ 

ACI 304R. 


R26.5.1 Concrete production 


2;Lu! R26.5.1 


R26.5.1.1(c) ASTM C94M and ASTM C685M address operational 
requirements for equipment used to produce concrete. 


44Lx4uJ 1 cjUllaldl ASTM C685M j ASTM C94M JjUi: (s^)R26.5.1.1 

,4JLjjj^I ^ 4_44x1umII CjIA xa II 


R26.5.1.1(d) ASTM C94M is a specification for ready mixed 
concrete whereby materials are primarily measured by mass 
(weight) and production is by batches. This is the more common 
method of concrete production, and it is also used in precast 
concrete plants. ASTM C685M is a specification for concrete where 
materials are measured by volume and the production is by 
continuous mixing. These specifications include provisions for 
capacity of mixers, accuracy of measuring devices, batching 
accuracy, mixing and delivery, and tests for evaluating the 
uniformity of mixed concrete. 

‘ JjUujaJJ ^ ASTM C94M( 4)R26.5.1.1 

4^jlflll d4A, CjUij 4j^lj LwjLjji 

, ASTIM AxjLwj * .I*: 4 4Jbjj^^^l 

l^xLul Jljxll (jjibi ^ ^bjij^ cjLL.dl^ i^C685M 

^4j 3 j 4^ (3^*^ bU '1 ^jla 

^bjij^l 4^jj biljbjxlj t -4. ..'Ulj ‘ b'-v'l i (jjtb^l 

4 UK4 aU 
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26.5.2 Concrete placement and consolidation 

mU^I ^^26.5.2 

26.5.2.1 Compliance requirements: 

i::iUlal»26.5.2.1 

(a) Debris and ice shall be removed from spaces to be occupied 
by concrete before placement. 


(b) Standing water shall be removed from place of deposit before 
concrete is placed unless a tremie is to be used or unless otherwise 
permitted by both the licensed design professional and the 
building official. 

^ ^ La 9^1 jll sLuh ^IJ! {‘r‘) 

ain't') d^ d^ cH ^i t uu ^ 1.19 jl trcmic ^l-i^tun) 

(c) Masonry filler units that will be in contact with concrete shall 
be prewetted prior to placing concrete. 

jJaj d^ 4JLuijaJ) ^ UJ^ O' UJ^ (j) 

,^I.U1J^) 

(d) Equipment used to convey concrete from the mixer to the 
location of final placement shall have capabilities to achieve the 
placement requirements. 

' ^IJ . .."'1 u^\ d^ i g <4*. Iig't ililJx.o'l d)J^ 0^ (^) 

..mt t-il aLi'ia 


(e) Concrete shall not be pumped through pipe made of aluminum 
or aluminum alloys. 

,^j;^jIV) ‘ “ j) dH ^^^li^ia uuLjI ^ V ^9^ 


COMMENTARY 

R26.5.2 Concrete placement and consolidation 

iyUj^l sJajR26.5.2 


R26.5.2.1(a) Forms need to be cleaned before beginning to place 
concrete. In particular, sawdust, nails, wood pieces, and other debris 
that may collect inside forms need to be removed. 

U^. ^Lui^ d^ I. iJaaj (')R26.5.2.1 

,^j|.aall d^lJ 

R26.5.2.1(b) The tremie referred to in this provision is not a short 
tube or “elephant trunk.” It is a frill-depth pipe used in accordance 
with accepted procedures for placing concrete under water. 
Information regarding placing concrete using a tremie is given in 
ACI 304R. 

ji )jj-aa )j* ^ aJ) jLiud) y-u>il) V (‘j)R26.5.2.1 

AjLuj^l - 'A*. jAj ,"da^) 

.ACI 304R.<ji Jjjj tremie AJL^jjaJ) jJaj d)^ i:jLajl*.a. (iLal) 


R26.5.2.I(d) The Code requires the equipment for handling and 
transporting concrete to be capable of supplying concrete to the 
place of deposit continuously and reliably under all conditions and 
for all methods of placement. This applies to all placement methods, 
including pumps, belt conveyors, pneumatic systems, wheelbarrows, 
buggies, crane buckets, and tremies. 

d^J ^jLla ^ iIj)Ax.all d)) A.^) (A)R26.5.2.1 

^La^ ^ Aj jaLma d^^ d)!^ cP! 9jAll 

iillj ^ t«aj iUUMUji) iilij ujAjmll ^jla ^La^j 

iililjjxllj tliljjCj iJajxJaal) A.A!ajij lA^IJ^I ulil^ggaal) 

iCjbti)jll 

R26.5.2.1(e) Loss of strength can result if concrete is pumped 
through pipe made of aluminum or aluminum alloy. Hydrogen gas 
generated by the reaction between the cement alkahes and the 
aluminum eroded from the interior of the pipe surface has been 
shown to cause strength reduction as much as 50 percent. Hence, 
equipment made of aluminum or aluminum alloys should not be 
used for pump lines, tremies, or chutes other than short chutes such 
as those used to convey concrete from a truck mixer. 

c^Ui d^t^ dH ^Luj^l ^ua ^ Ijj Sjiil uc. (■A)R26.5.2,l 

iljloll C)^ ji ^ 

u^UVl AjlloMdSfl 

^|J9L4 V i ^ 50 i^\ djill l!^la-CU 

jl ( jl ( liljUwi jl Cy^ 

^ ^L^aUJ^l (illj JI 4 
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(f) Concrete shall be placed in accordance with (1) through (5): 

(1) At a rate to provide an adequate supply of concrete at the 
location of placement. 

(2) At a rate so concrete at all times has sufficient workability 
such that it can be consolidated by the intended methods. 

(3) Without segregation or loss of materials. 

(4) Without interruptions sufficient to permit loss of workability 
between successive placements that would result in cold joints. 

(5) Deposited as near to its final location as practicable to avoid 
segregation due to rehandling or flowing. 


■(5) L>^\ (1) juj (j) 

, (2)'JjiL rt j 

Laj ^ CjjjAla 

. ji l)J-“(3) 

ijM J-aidl ijlC’ A^ Lu £^Uaij| 

, ii jLlI 'C' ‘" fjM 

L4.A& ^ ujilL ^(^5) 

.(JSJjll ji A^bLoh 9Jl£l 


(g) Concrete that has been contaminated or has lost its initial 
workability to the extent that it can no longer be consolidated by 
the intended methods shall not be used. 

AaII [}•• ‘1^'A ji ^LujaJI «1 <4*. Ill ^ 

,^jj 3 La 1| ^jlalL dJxj V 


(h) Retempering concrete in accordance with the limits of ASTM 
C94M shall be permitted unless otherwise restricted by the 
licensed design professional. 


^ La ASTM C94M AjAaI tllLiadlj.aU 4 a .I U»'l ^LujaII 

,ttUj Li!)tA tJdAJAh jOJOadUl 


(i) After starting, concreting shall be carried on as a continuous 
operation until the completion of a panel or section, as defined by 
its boundaries or predetermined joints. 

(jji djAUAa A^4a& ^4i ^jlC’ AJLajAil iiijj ^ t Jjt nn\l 

.lilui aJilAall dodLioll ji 9 Jj.1a ^ JAaaII jaUI ulC’ t ^laia ji ^jl 


COMMENTARY 

R26.5.2.1(f) Concrete should be available at a supply rate consistent 
with the capacity of the placement equipment and the placement 
crew. Concrete supplied at a faster rate than can be accommodated 
by placement equipment or crew can result in loss of workability of 
concrete in equipment waiting to discharge. Excessive delays in the 
supply of concrete can cause previous placements to stiffen and 
result in the formation of cold joints. Each step in the handling and 
transporting of concrete needs to be controlled to maintain 
uniformity within a batch and from batch to batch. It is important to 
minimize segregation of the coarse aggregate from the mortar or of 
water from the other ingredients. Rehandling and transferring 
concrete over large distances from delivery vehicles to the point of 
placement in the structure can cause segregation of materials. The 
Code therefore requires that concrete be deposited as close to its 
final location as possible. However, self-consolidating concrete 
mixtures can be developed to flow longer distances and maintain 
their stability with minimal segregation. Guidance on self- 
consolidating concrete is provided in ACI 237R. 

djAfi ^ ^ AAiLLa ^LjjjaJI Qj^ (2)1 (j)R26.5.2.1 

Lu JiSLAj ^ ^Lyuj^l .uuumll ^Uaj uuMmll 

{J‘‘\ ^Uall j\ ^ Ajljulhul 

^jjj ^ iajiAil j&UIl CjIJxaII ^ 

^Lyuj^l 

AjtAill ^Lyuj^ ^ ^ 

t>a fUli j\ mortar cfeiSj 

^ dJl&l (j! 

uiLumll 4Jaij 
^ ^Lyuj^l 

^ lAjIjilyul Jjiai CiliLuM ^Lyuj^l 

. ACI237R.J ^jlC’ A^jUl j^ji ^ 


R26.5.2.1(h) ASTM C94M permits water addition to mixed concrete 
before concrete is discharged to bring it up to the specified slump 
range as long as prescribed limits on the maximum mixing time and 
w/cm are not violated. 

aj^jaII (.Ldl ^L4ab ASTM C94M AioaljAll R26.5.2.1 (h) 

^ ^ LdUa JAAioII jiAAjVI ^Uaj JoaU ^Luja 4I ^ AjaUAAll 

W / cm.j ialiJl biSj ^ AijaAjAll JjJaII (_jja 


R26.5.2.1(j) Detailed recommendations for consolidation of 
concrete are given in ACI 309R. This guide presents information on 
the mechanism of consolidation and provides recommendations on 
equipment characteristics and procedures for various types of 
concrete mixtures. 

ACI AioAljioll ^ ^Lu ja 4I AoAjal AjLaAiall tliUodjoll Jjj (JjR26.5.2..1 

(jAjLoAA ^1 (jC tliLajlxa JoIaII ^a^309R. 

i-illi'A'I ^Ijji ‘ «'*A »' (I 1 l.Ax. 4 h 
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(j) Concrete shall be consolidated by suitable means during 
placement and shall be worked around reinforcement and 
embedments and into corners of forms. 

pUjt ^ 

(k) Top surfaces of vertically formed lifts shall be generally level. 

(jjluL A j .^U ^e.1 UIxll (d) 

26.5.3 Curing concrete 

5jLji jaJi 4^'u.) 26.5.3 


26.5.3.1 Design information: 

(a) If supplementary tests of field-cured specimens are required 
to verify adequacy of curing and protection, the number and size 
of test specimens and the frequency of these supplementary tests. 

j aHaIaII cjL4^^lii.All26~5~3~1 

^ ^a-v'.U LulJ^ A^IxaII CjUjxII CjIjIjaxI lilUA Clul£ |j| 

CjljbUxVI ajft i^LaxlIj A^lxall 

26.5.3.2 Compliance requirements: 

(a) Concrete, other than high-early-strength, shall be maintained 
at a temperature of at least 10°C and in a moist condition for at 
least the first 7 days after placement, except if accelerated curing 
is used. 

(b) High early-strength concrete shall be maintained at a 
temperature of at least 10°C and in a moist condition for at least 
the first 3 days after placement, except if accelerated curing is 
used. 

rJlilaVl cjUIal,26.5.3.2 

V Sjljx Sji ' aMCj JaliiixVI (i) 

lit VI 1 J»J JsSll 7 J 10 Cfi 

, Ajuj^iaII Ill ^ 

V Sjljx JjS’ ^ Sjill ijlC’ Jalixll ^ 

Jaj (JaVl fjiS’ (_y!jSfl j»LjVl Jitk Ajlaj Ajlx 10 0* 

, AxIIxaII ^ IjI VI 


COMMENTARY 


R26.5.3 Curing concrete—Detailed recommendations for curing 
concrete are given in ACI 308R. This guide presents basic principles 
of proper curing and describes the various methods, procedures, and 
materials for curing of concrete. 

. AJLji jaJl ^51x1 ALratA CliLuajj ACI 308R jxll A^lx4R26.5..3 

Cjl^ljxVIj (Jjlall ^VIxU AxjiLjiVI IAA 

^^1x1 AiUxAll 
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(c) Accelerated curing to accelerate strength gain and reduce time 
of curing is permitted using high-pressure steam, steam at 
atmospheric pressure, heat and moisture, or other process 
acceptable to the licensed design professional. If accelerated 
curing is used, (1) and (2) shall apply; 

(1) Compressive strength at the load stage considered shall be at 
least the strength required at that load stage. (2) Accelerated 
curing shall not impair the durability of the concrete. 

I jniS -'I ^ 

i SjljaJlj I iiauial\ <4*. „l , 

l(2) J (1) '4*. „1 ^ |j| 

^ i Sjih JsVI ijiC’ ^ 'j ^ JaljLAjVI ijfi CiJ^ 0^ (1) 

, a A JjdAill 

^Lu ^jLulall -'I ^Uj V(2) 


(d) If required by the building official or licensed design 
professional, results of tests of cylinders made and cured in 
accordance with (1) and (2) shall be provided in addition to 
results of standard-cured cylinder strength tests. 

(1) At least two 150 x 300 mm. or at least three 100 x 200 mm. 
fieldcured cylinders shall be molded at the same time and from 
the same samples as standard-cured cylinders; 

(2) Field-cured cylinders shall be cured in accordance with the 
field curing procedure of ASTM C31M and tested in accordance 
with ASTM C39M. 

jjA jI ^ iJl 

^LuaVL ^2) J (1) 0*^ CjUIjAjjSII CjIjUAI 

..Ija'i ajs diljUAI ^Lu 

200 X 100 JaSlI ji. jA. 300 x 150 0“' JaSfl ^^(1) 

JIa (bUjjdl ^jAj ^ ^ b.t. ^ CjUIjIsaaVI 

lAj.iiljtt'l diUljlauiVI 

J A^IxaII ^diUljlauiSlI i_i^(2) 

ASTM C39M.-1 UjUAljASTM C31M 


COMMENTARY 


R26.5.3.2(c) This section applies whenever an accelerated curing 
method is used, whether for precast or cast-in place elements. EB- 
001.15, and PCI MNL 116, and PCI MNL 117 provide general 
information on accelerated curing. Accelerated curing procedures 
require careful attention to obtain uniform and satisfactory results. 
Preventing moisture loss during the curing is essential. The 
compressive strength of accelerated-cured concrete is not as high at 
later ages as that of nominally identical concrete continuously cured 
under moist conditions at moderate temperatures. Also, the modulus 
of elasticity, Ec, of accelerated-cured specimens may vary from that 
of specimens moist-cured at normal temperatures. 

f'Syji 1 A^IxaII ^Ajla „1 1,4^ (^)R26.5.3.2 

J PCI MNL 116 J EB-001.15 4*^' j' jj Axi I) ^jliA ^Uxl Aa*ju 1L 

A^IxaII tlilfijxl uUajj, Axij 4 a 1 | A^IxaII Jjx CjLa^jIxaPCI MNL 117 

^bj ^^C■ ^bxj tlAVI ^jjjIaI) 

^ rn in' A^IxaII ^bjij^ JaxAll ajS (^l!. A^IxaII ^Lui 

Caxj ^ ^ jtjAAujb AAliala AaaaaVI bilJ ^bjjj^l djxbAll jLa&VI 

bllAxU iPc (JaIxa ‘ A ‘bAI, ^Axa 9jIjx bilxjJ ^ 'tAj lAjjla 

.^Jlxll Sjljxll biLxjJ bib^l biUjC fjM 4ixxUl 

R26.5.3.2(d) Strengths of cylinders cured under field conditions may 
be required to evaluate the adequacy of curing and protection of 
concrete in the structure. The Code provides a specific criterion in 
26.5.3.2(e) for judging the adequacy of curing and protection 
afforded to the structure. Eor a valid comparison, field-cured 
cylinders and companion standard-cured cylinders need to be made 
from the same sample. Eield-cured cylinders are to be cured, as 
nearly as possible, under the same conditions as the structure. The 
field-cured cyhnders should not be treated more favorably than the 
structural members they represent. In evaluating test results of field- 
cured cylinders, it should be recognized that even if cylinders are 
protected in the same manner as the structure, they may not 
experience the same temperature history as the concrete in the 
structure. This different temperature history occurs because heat of 
hydration may be dissipated differently in a cylinder compared with 
the structural member. 

‘Ajjla ^ A.>11 xa 1) bibljJxjiVI jIAaI ^Lx dUA A (J)R26.5.3.2 

^ bilXA IjbxA ^ ^bA^)^l A^Ixaj ^.aj^Ia ^±a 

U ^jIaaII ^LaxIIj 4,^Ixa 1| ^^51-9 ^Xa 26.5.3.2 

ija AAuiba biUljlxjilj biUljlxjil JaC i4.XAXAid ^jIXa 

lAjjia (jA&j (Jia jA i4.^1xa 1| CjUljlxuiS!l 4.^1 xa (JaL 

4.^1xa 1| biUljixuiSlI ^ JaIxUI ^ Vi ,J£a^I 
^ Aji lilljJl iA^IxaII biUljJauVl jb^l ^bj Aic 
ajijxil ^jb (jaH AxIjj V A^Ajla biUljlxuiVl ^bax tluj 

ajijx Ax1ax.a 1I ajijxll bilxjAl ^jbll lAA biAxj '1 ^ ^bjij^l (,pA 

jAAttlb ^jlXa ^IjJxaVI ^ ‘ “''A A J£4aj JJu ^ball 
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(e) Procedures for protecting and curing concrete shall be 
considered adequate if (1) or (2) are satisfied: 

(1) Average strength of field-cured cylinders at test age 
designated for determination of fc' is equal to or at least 85 
percent of that of companion standard-cured cylinders. 

(2) Average strength of field-cured cylinders at test age exceeds fc 
by more than 3.5 Mpa. 

(1) J (2) ji (1) Ijl jiJl jaI jjjjLi (Ji) 

_ A-ujUti) j tiiUijlauVi iy> (y> Aj.ah ^ $5 

fc ' Cfi' fji A^lxail CjUIjiauiSil Jauijla(2) 

3.5 .cH 


26.5.4 Concreting in cold weather 

JjtJ) (jjiilaJl ^ AJLji ji26.5.4 


COMMENTARY 


R26.5.3.2(e) Research (Bloem 1968) has shown that the strength of 
cylinders protected and cured to simulate good field practice should 
be at least about 85 percent of standardcured cylinders if both are 
tested at the age designated for fc' . Thus, a value of 85 percent has 
been set as a rational basis for judging the adequacy of field curing. 
The comparison is made between the measured strengths of 
companion field-cured and standard-cured cylinders, not between 
the strength of field-cured cylinders and the specified value of fc' . 
Test results for the field-cured cylinders are considered satisfactory, 
however, if the strength of field-cured cylinders exceeds fc' by 
more than 3.5 Mpa, even though they fail to reach 85 percent of the 
strength of companion standardcured cylinders. The 85 percent 
criterion is based on the assumption that concrete is maintained 
above 10°C and in a moist condition for at least the first 7 days after 
placement, or high-earlystrength concrete is maintained above 10°C 
and in a moist condition for at least the first 3 days after placement. 
If the field-cured cylinders do not provide satisfactory strength by 
this comparison, steps need to be taken to improve the curing. If the 
tests indicate a possible serious deficiency in strength of concrete in 
the structure, core tests may be required, with or without 
supplemental wet curing, to evaluate the structural adequacy, as 
provided in 26.12.4. 

ijiLiijkuiVl Sjs O' (Bloem 1968) jfIa'R26.5.3.2 (e) 

85 LlJ^ O' 

^ dJiAj fc J ^ b* •*" jW^' ^ '^! diUijiauiSii 0^ 

^ ijlC’ (jjiLulS Alah ^ 85 0:1^ 

A^biall O'^^ '^-'1 Auulail 0^ 

jjjxi fc 4 0^ 

iji |j| i liUj lAladja ^ Atluial) CjUIjiauiStl ^14 

^ 0 ^ . jt<. .ii 3 j3.5 0^ fc ' UjU. .i^t 

Z85 Xaj*J ,<U^Uaail diUljJauStl 0^ ^Lail ^ 85 u^l Jjadjll 

A^j Aijla 1 0 i3^ ^ O' 

i^\c, JaLi^l ^ ji Jaj Atauii) 

j»0' 3 Jj' Jsvi ijc- ^ ^jJ 10 (3^2 jiia ClSj ^ sjill 

Oa Aiadja 0'^^' CjUljlauiVI ^ ,i_uaalill Aaj 

jauj Clul£ |j| -'I 0 j‘ 4 tik 

lilLlA OJ^ 

4 A4%^I 4 A^laaal All^ A^U.a Oj^ j' ^ 4AuaLal 4l4ljLa^l 

.26.12.4 (_yflj4 aa ia, l ) jaall ^ 


R26.5.4 Concreting in cold weather—Detailed recommendations for 
cold weather concreting are given in ACI 306R. Specification 
requirements for concreting in cold weather are provided in ACI 301 
and ACI 306.1. If both ACI 301 and ACI 306.1 are referenced in 
construction documents, the governing requirements should be 
identified. 

AaLaoilll 4llLl4.dj4l Jjj - Jjlail ^ t-ua R26.5.4 

^ iliUadljail 4liUllala jAj/j ^ ACI 306R. u Aadl^l 

ACI 301 0- JS sjlaiVl 4i« iJl ACI 306.1. j ACI 301 J Jjwjl o-SlaJl 
.SjUyi 4liUUala a 4fL4^yi ililAlbaa ^ ACI 306.1 J 
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26.5.4.1 Design information: 


(a) Temperature limits for concrete as delivered in cold weather. 

R26.5.4.1(a) ASTM C94M, ACI 306R, and ACI 301 contain 

.JjlJl ^ ^ LaS ^Lyuj^ djlj^l 

requirements and recommendations for concrete temperature based 
on section size. 

26.5.4.2 Compliance requirements: 

(a) Adequate equipment shall be provided for heating concrete 
materials and protecting concrete during freezing or near-freezing 
weather. 

(b) Frozen materials or materials containing ice shall not be used. 

(c) Forms, fillers, and ground with which concrete is to come in 
contact shall be free from frost and ice. 

(d) Concrete materials and production methods shall be selected 
so that the concrete temperature at dehvery complies with the 
specified temperature limits. 

ACI 301 j ACI 306R j ASTM C94M (i)R26.5.4.1 

.^LLaII fjlC’ ^Uj djl^ 

iiiMklA26.5,4.2 

fUjI AjLtauj^l AjLa&j jj 

. jl Aa&ILaII 

, ji d.l4^All jI^^aII V 

. cH 

^Lyuj^l ^LuVl (3J^J ^ 


26.5.5 Concreting in hot weather 

R26.5.5 Concreting in hot weather—Detailed recommendations for 

jIaJI ^ ^Lyu j^26.5.5 

hot weather concreting are given in ACI 305R. This guide identifies 
the hot weather factors that affect concrete properties and 
construction practices and recommends measures to eliminate or 
minimize undesirable effects. Specification requirements for 
concreting in hot weather are provided in ACI 301 and ACI 305.1. 

Cjlil j ^ - jl^l ^ ^5Uall R26.5.5 

ijc- jjjj jUJl (jAUl thiljft JjIjH Ij* jjaj ACI 305R. (X 

ijlC' f-i ■>!»" tliLujLuj 

^ ^ i-il lUi*. jAjj ji 

ACI 305.1.JACI 301 

26.5.5.1 Design information: 

CjLajlx.l26.5.5.1 


(a) Temperature limits for concrete as delivered in hot weather. 

R26.5.5.I(a) ACI 301 and ACI 305.1 limit the maximum concrete 

.jl^l ^ I^-aaLaj ^ LaS ^Lyuj^ 

temperature to 35°C at the time of placement. 

Sjlja. o'-i^ ACI 305.1 J ACI 301 ( i) R26.5.5.1 

.La^jLuaj tliSj •ijC’ Ajjla 35 u^\ 
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26.5.5.2 Compliance requirements: 

(a) Concrete materials and production methods shall be selected 
so that the concrete temperature at dehvery complies with the 
specified temperature limits. 

(b) Handling, placing, protection, and curing procedures shall 
limit concrete temperatures or water evaporation that could reduce 
strength, serviceability, and durability of the member or structure. 


cjUIal,26.5.5.2 

djlj& ^ 

^ 

ji jJaxll dji ^ dL^l ji ^Ltauj^l 


26.5.6 Construction, contraction, and isolation joints 

R26.5.6 Construction, contraction, and isolation joints— For the 
integrity of the structure, it is important that joints in the structure be 


located and constructed as required by the design. Any deviations 
from locations indicated in construction documents should be 

26.5.6.1 Design information: 

(a) If required by the design, locations and details of 
construction, isolation, and contraction joints. 

approved by the licensed design professional. Construction or other 
joints should be located where they will cause the least weakness in 
the structure. Lateral force design may require additional 
consideration of joints during design. 

.^LaSjVIj Jjxilj fUJi CjUIa^ IjI 

^ Ai>4^Ltau ^ 4 iJ*^LA.aR 26.5.6 

^ A^Iiaiij LaI li&j Ja^LLaII 

^ jIAaIi diiii 

^ ‘ Jdi ' . J.i^ILaI1 jl fUJl ^ jA (jjLi ^j^&j.aI1 

(b) Details required for transfer of shear and other forces through 
construction joints. 

fUjI Ja^LLaII ^ (JA d 

. fjM J J^SlI liJ ^jUaal) j 

R26.5.6.1(b) Shear keys, intermittent shear keys, diagonal dowels, 
or shear friction may be used where force transfer is required. If 
shear friction at a joint interface in accordance with 22.9 is invoked 
in the design, include applicable construction requirements in the 
construction documents. 

jmLmiaII jI AjJaHiAll ^^LLa ji (*-h)R26.5.6.1 

ALdj ^ lj|. SjaII L)J% ji ^Lall 

^ fLUVI iliUllald ^ 22.9 ^ 

(c) Surface preparation, including intentional roughening of 
hardened concrete surfaces where concrete is to be placed against 
previously hardened concrete. 

R26.5.6.1(c) The preparations referenced are applicable if design for 
shear friction is in accordance with 22.9 and for contact surfaces at 
construction joints for structural walls. 

AasuaII ^ JlJ&l 

4^Lyd ^Lyuj^l ^Lyuj^l 

i^jS |jj jIAaII 4 I 1 I (^)R26.5.6.1 

^ ^.mia^LaII ^ioudSflj 22.9 ^ 

,A^UajV1 

(d) Locations where shear is transferred between as rolled steel 
and concrete using headed studs or welded reinforcing bars 
requiring steel to be clean and free of paint. 

R26.5.6.1(d) The locations referenced are those for which design for 
shear friction is in accordance with 22.9. 

^Lyuj^lj uL^I (j:U JAJ ^ 

AjaaHL lillj jIaaaIi ^j^R26.5.6.1 

.22.9 
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(e) Surface preparation including intentional roughening if 
composite topping slabs are to be cast in place on a precast floor 
or roof intended to act structurally with the precast members. 

^ 

^jlaj ‘ ^ jl ^'1 i i ,, „.. <UJajl ^jlc. I ^ ‘I S - ^ 

.(jjAjajiaII pUia&Sh ^ 

26.5.6.2 Compliance requirements: 

(a) Joint locations or joint details not shown or that differ from 
those indicated in construction documents shall be submitted for 
review by the licensed design professional. 

(3^ pL^yi ^ iiUj 

J-dl 


(b) Except for prestressed concrete, construction joints in floor 
and roof systems shall be located within the middle third of spans 
of slabs, beams, and girders unless otherwise approved by the 
licensed design professional. 

^ J^U.4 La^ 

CjblJlal ^ ^ 1 aa.ii'lj cjUa^jyi 

,(j^^j,all ^ 'I ' i ^ Li5l^ ijiC’ ^ ^ La 


(c) Construction joints in girders shall be offset a distance of at 
least two times the width of intersecting beams, measured from 
the face of the intersecting beam, unless otherwise approved by 
the licensed design professional, (d) Construction joints shall be 
cleaned and laitance removed before new concrete is placed. 

(e) Surface of concrete construction joints shall be intentionally 
roughened if specified. 

(f) Immediately before new concrete is placed, construction joints 
shall be prewetted and standing water removed. 

' a* V ^ tibCdj JjUj (s) 

, iillj fjlC’ jaII 

^Lyuj^l ^ (^) 

^ (j). lAJjJau ^ IJI 4^Lyuj^ ClULyuj^ 

OJ^ ^Lyuj^l 

.&JS1 jl\ &L^1 


COMMENTARY 


R26.5.6.2(a) If the licensed design professional does not designate 
specific joint locations, the contractor should submit joint locations 
for construction to the licensed design professional for review to 
determine that the proposed locations do not impact the performance 
of the structure. 

t ^ bl (ijR 26 . 5 . 6.2 

f bi Ijls- Jjjj V 2 a'I 

R26.5.6.2(b) Tendons of continuous post-tensioned slabs and beams 
are usually stressed at a point along the span where the tendon 
profile is at or near the centroid of the concrete cross section. 
Therefore, interior construction joints are usually located within the 
end thirds of the span rather than the middle third of the span. 
Construction joints located within the end thirds of continuous post- 
tensioned slab and beam spans have a long history of satisfactory 
performance; therefore, 26.5.6.2(b) is not applicable to prestressed 
concrete. 

bit iy> ijlC’ J^Ull ^ La ('t‘)R 26 . 5 . 6.2 

^LaUt <LLd^l Jjla ijlC’ 4 jaij jjc Jxj aj,alui.all 

j^yi ^ Ja^dlLa La Sjl£ tiiUjl, ^kLall 

^ (JtidLia bl!. JibLaVI JaajijSlI ya 

^bSlI ya ^ <LiaJajxll ya 

JJLji jaJl (j.Ja.u V 26 . 5 . 6 . 2 (b) 
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26.5.7 Construction of concrete members 

^Urafri ^Uj 26.5.7 

26.5.7.1 Design information: 

(a) Details required to accommodate dimensional changes 
resulting from prestressing, creep, shrinkage, and temperature. 

iil-»,>l*-a26.5.7.1 

^ A^Ull JbuSlI 

.5jljallj (jiLaSjVlj 

(b) Identify if a slab-on-ground is designed as a structural 
diaphragm or part of the seismic-force-resisting system. 

. JJVjll 3-ajli.a 


(c) Details for construction of sloped or stepped footings designed 
to act as a unit. 

(d) Locations where slab and column concrete placements are 
required to be integrated during placement in accordance with 
15.3. 

(e) Locations where steel fiber-reinforced concrete is required for 
shear resistance in accordance with 9.6.3.1. 

^UjI SiiocVlj cjUa!:UIl 

. 15.3 

J liij ciUlVlj ^ t „a'i ^9^ 

.9.6.3.1 


26.5.7.2 Compliance requirements: 

iJlioVl cjUlal»26.5.7.2 

(a) Beams, girders, or slabs supported by columns or walls shall 
not be cast until concrete in the vertical support members is no 
longer plastic. 

(2)'AJaiuh ji girdGrs ji *^-aj ^ v (i) 

(b) Beams, girders, haunches, drop panels, shear caps, and 
capitals shall be placed monolithically as part of charac a slab 
system, unless otherwise shown in construction documents. 

i aula&ij (j t t cj|j.4£ilj t girdcrs (*-h) 
^ lillj Li5t^ ^ ‘ ^5411 (ja (jjuIaJu ‘ 


COMMENTARY 

R26.5.7 Construction of concrete members 

^Lji ji fUiafti fUj R26.5.7 


R26.5.7.1(b) Slabs-on-ground often act as a diaphragm to hold the 
building together at the ground level and minimize the effects of 
out-of-phase ground motion that may occur over the footprint of the 
building. The construction documents should clearly state that these 
slabs-on-ground are structural members so as to prohibit saw cutting 
of the slab. Refer also to 26.5.7.2(d). 

(j^ (jba't (jifjtjl jSft CjUa^LlI La ('t‘)R26.5.7.1 

. (_y4.al) jIjI ^jl^ jVI 

fiiuapl ^ (jijVl JJalLh o' o' 4*^ 

.26.5.7.2(d) '^' J^'j. jlaa 


R26.5.7.2(a) Delay in placing concrete in members supported by 
columns and walls is necessary to minimize potential cracking at the 
interface of the slab and supporting member caused by bleeding and 
settlement of plastic concrete in the supporting member. 

siaftSfL ^..ajftAall JjLjijaJl ^ (')R26.5.7.2 

jiJaxllj 4ja^UlI ..tt ^ O'j^^'j 

,^1^1 ^j.all 0^ 


R26.5.7.2(b) Separate placement of slabs and beams, haunches, or 
similar elements is permitted if shown in the construction documents 
and if provision has been made to transfer forces as required in 22.9. 

ji 0 '^j^'j j^'j ^5411 (u)26-5-2-2 

.9-22 J 
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(c) At locations where slab and column concrete placements are 
required to be integrated during placement, column concrete shall 
extend full slab depth at least 600 mm into floor slab from face of 
column and be integrated with floor concrete. 

^ 500 J.«l£ ijmC. ijl] tXicSh Jlu 

,A^.uajVt ^ AI 4 ISI 4 O^J ^ 


(d) Saw cutting in slabs-on-ground identified in the construction 
documents as structural diaphragms or part of the seismic-force- 
resisting system shall not be permitted unless specifically 
indicated or approved by the licensed design professional. 

ji ^ ^kill V (J) 

^ IajIaj&I ji ^ IjI V| JjVdlt ^ 


26.6—Reinforcement materials and construction 
requirements 

jliMJI kiiUlbiMj ^1^26.6 - 


26.6.1 General 


(.1*26.6.1 


26.6.1.1 Design information; 

(a) ASTM designation and grade of reinforcement. 

(b) Type, size, location requirements, detailing, and embedment 
length of reinforcement. 

(c) Concrete cover to reinforcement. 


; ^0.0^^111 CjL4^^LL426.6.1.1 
. ^jJj ASTM (') 

, ^1.9.11^1 CjUlialaj 

,.*U ^UaC 


COMMENTARY 


R26.5.7.2(c) Application of the concrete placement procedure 
described in 15.3 requires the placing of two different concrete 
mixtures in the floor system. The lowerstrength mixture in the floor 
slab needs to be placed while the higher-strength concrete is still 
plastic and should be adequately vibrated so that the concretes are 
well integrated. This requires careful coordination of the concrete 
deliveries and the possible use of retarders in the column concrete. 
In some cases, additional inspection services will be required if this 
procedure is used. It is important that the higher-strength column 
concrete in the floor be placed before the lowerstrength concrete in 
the remainder of the floor to prevent accidental placing of the low- 
strength concrete in the column area. It is the responsibility of the 
licensed design professional to indicate in the construction 
documents where the high and low-strength concretes are to be 
placed. 

15.3 JjLjijail ijjUjmll Jjjlai (j)R26.5.7.2 

Jluj (2)1 ^JIJj V Cj|j (2)1 0:)^ jSh 

.-.I Aj), ..•))) (jjrfdmll iilij ^ cilS 

ijjS^ 1.;^. ^ ») <4*. Ill 

Cy^- -) ..1 ^ 

jSfl (>9 (jiLual) ? 'Uiaiilall SjLuijaJl AjJajSll 5ji 

A, >.-.)) ^‘.1 .>.^1 a .>ia.v dj.a£il ^IaI 

Caljj ^bill ^Ljij^l (2)^ (2)^ 0^ (J^^jaII 


R26.5.7.2(d) This restriction applies to slabs identified as structural 
diaphragms in 26.5.7.1(b). 


^ a jKjA aUuiglS Sjaa.all 4Ja5tall aj^l laA (JalaL (J)R26.5.7.2 

26.5.7.1(b). 

R26.6—Reinforcement materials and construction 
equipment 


jUI R26.6 - 


R26.6.1 General 


j.l*R26.6.1 
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(d) Location and length of lap splices. 

Jjlaj (J) 

(e) Type and location of mechanical splices. 

(1^ Type and location of end-bearing splices. 

, ^' ■'I (j) 

(g) Type and location of welded splices and other required 

welding of reinforcing bars. 

, J^ Aj.v' a'1 (J) 

(h) ASTM designation for protective coatings of nonprestressed 
reinforcement. 

(i) Corrosion protection for exposed reinforcement intended to be 
bonded with extensions on future Work. 

. jjft (liUall ASTM ay" (c) 

alJjAdiill ^ UJ^ JSUIl ^ 

^by ■ ini') J.4iL') 

26.6.1.2 Compliance requirements; 

(a) Mill test reports for reinforcement shall be submitted. 

(b) Nonprestressed reinforcement with rust, mill scale, or a 
combination of both shall be considered satisfactory, provided a 
hand wire-brushed representative test specimen of the 
reinforcement complies with the appli cable ASTM specification 
for the minimum dimensions (including height of deformations) 
and weight per unit length. 

_ ..*;)) (j^ial) jtja^) (i) 

j) j) t iiv^)t ^ in)' 

lil^yj) ^ AaLLuI) jIjj^V) Aj^ 0-J^ 0^ ‘ 

liUj ^ Aail Jjt^) ASTM ^ ^Ualg 

. J^) Ji! Ojjllj (OjjlaJ) 

(c) Prestressing reinforcement shall be free of mill scale, pitting, 
and excessive rust. A hght coating of rust shall be permitted. 

1 AIaiaaI) A^i in'l 

JAaoII a a aA a a ill I Ajljll 

(d) At the time concrete is placed, reinforcement to be bonded 
shall be clean of ice, mud, oil, or other deleterious coatings that 
decrease bond. 

^ ^j'l ii'i'l C)jS^ ^iSaj A^ ^ ^ (J) 

.alAlull Jiy ^dali j\ ji ji ji i^a Aijlu 


COMMENTARY 

R26.6.1.1(d) Splices should, if possible, be located away from 
points of maximum tensile stress. The lap splice requirements of 
25.5.2 encourage this practice. 

. A^' Al^^l Jaiy ^ i |j| i (jXjjj (A)R26.6.1.1 

,a^j1_4aII I “"i 25.5.2 0*^ J^IaaI) alAllalA 


R26.6.1.1(g) Refer to R26.6.4. 

R26.6.4.t^! t^a!R26.6.1.1 (g) 


R26.6.1.2(b) Specific limits on rust are based on tests (Kemp et al. 
1968) plus a review of earlier tests and recommendations. Kemp et 
al. (1968) provides guidance with regard to the effects of rust and 
mill scale on bond charateristics of deformed reinforcing bars. 
Research has shown that a normal amount of rust increases bond. 
Normal rough handling generally removes rust that is loose enough 
to impair the bond between the concrete and reinforcement. 

(Kemp et al. ii-al) sJAa-d) jj^) jliai (ij)R26.6.1.2 

. (1968) y'-yAi. dibAdjAlIj cj| jIj^V) Axal ja ^lAdyijl968) 

ii'i" j*.'*^*' alAluil) JSIaI) jjJUaj IAaoII jIjL I.Aa A^jaI) jijJ 

I.A 3 aI£, alALAll ^Abdl ijAall AaaS i ^\ Q 3 la.All 

Ajajljll '.y jajll ijAall ^Abdl A^lill A.^Ixa1| 

ii1"j 


R26.6.1.2(c) Guidance for evaluating the degree of rusting on strand 
is given in Sason (1992). 

Sason 'aaoD a^jj aiJiAij) jjj (j)R26.6.1.2 

(1992). 

R26.6.1.2(d) The use of epoxy coating in accordance with 20.6.2 is 
permitted. Materials used for the protection of prestressed 
reinforcement against corrosion in unbonded tendons are not 
considered to be contaminants as described in this provision. 

j)>a1) V. 20.6.2 saIaJ lisj j»)JalAlj (a)R26.6.1.2 

^ Aia^jAll ^ Aa^ A^.^1 ^aLa^) Ajl ..ly) ^AaA4AA'l 
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26.6.2 Placement 

26.6.2.1 Design information: 

(a) Tolerances on location of reinforcement taking into 
consideration tolerances on d and specified concrete cover in 
accordance with Table 26.6.2.1(a) 

illLa^^lx.a26.6.2.1 

26.6.2.1(a) 

Table 26.6.2.1(a)—Tolerances on d and specified cover 

fOaillJ d - (i) 1-2-6-26 Jj-iadI 


d,mm 

Tolerance on 

Tolerance on specified concrete cover, mmOl 

<200 

±10 

Smaller of: 

-10 

- (1/3) • specified cover 

>200 

±13 

Smaller of 

-13 

- (1/3) • specified cover 


[IJTolerance for cover to formed soffits is -6 mm. 

6- > ^luuil [1] 


(b) Tolerance for longitudinal location of bends and ends of 
reinforcement in accordance with Table 26.6.2.1(b). The tolerance 
for specified concrete cover in Table 26.6.2.1(a) shall also apply 
at discontinuous ends of members. 

liij „*'i (IilfUadVI ^ ^Luull 

-6-26 JAxall (iliaill ^k- (ui) 26.6.2.1 

^ lliaji 1-2 

Table 26.6.2.1(b)—Tolerances for longitudinal location of bends 
and ends of reinforcement 


ciljlaij Cjljjlili - 6.2.1-26 


Location of bends or reinforcement 

ends 

Tolerances, mm 

Discontinuous ends of brackets and 

corbels 

±13 

Discontinuous ends of other members 

±25 

Other locations 

±50 


COMMENTARY 

R26.6.2 Placement 

4^1 R26.6.2 

R26.6.2.1 Generally accepted practice, as reflected in ACI 117, has 
established tolerances on total depth (formwork or finish) and 
fabrication of closed ties, stirrups, spirals, and truss bent reinforcing 
bars. The licensed design professional should specify more 
restrictive tolerances than those permitted by the Code when 
necessary to minimize the accumulation of tolerances resulting in 
excessive reduction in effective depth or cover. More restrictive 
tolerances have been placed on minimum clear distance to formed 
soffits because of their importance for durability and fire protection 
and because reinforcement is usually supported in such a manner 
that the specified tolerance is practical. More restrictive tolerances 
than those required by the Code may be desirable for prestressed 
concrete. In such cases, the construction documents should specify 
the necessary tolerances. Recommendations are provided in ACI 
ITG-7. The Code permits a reinforcement placement tolerance on 
effective depth d that is directly related to the flexural and shear 
strength of the member. Because reinforcement is placed with 
respect to edges of members and formwork surfaces, d is not always 
conveniently measured in the field. This provision is included in the 
design information section because tolerances on d should be 
considered in member design. Placement tolerances for cover are 
also provided. Tolerances for placement of reinforcement should be 
specified in accordance with ACI 117 unless stricter tolerances are 
required. 

ACI ^ jk L45 1 4.U1 jLull o!R26.6.2.1 

diljjlijll i 117 

1 diUjjlaJI i i ■*" Jajljjll 

iilij Qa >in\l Qa ^.>^4) 

1-4.4 (2)*^ (2).^!^^ 

AaJI ^jk tililall diljjUjll (2).4 jJS ^ .JlxUl ^Uaxll ji 

^HaU A-ujuIL 

) (2)J^ .Ij'-'g' LajCXa 

aJA JI 4 ^ lilli 

ACI ITG-c^ ^ ,^j2)UI tliljjlillll .^.1^ (2)1 

djk d (3*^ ^.aL.u.1 dJA ^.4mjj7, 

^ V Liljaj (3^*^ (2)V Ijlu ,j.JaxU (jaaillj 

CjL4jlx.4 12 (^ ^ ^!)L4 (3^-^ d (jaikaS Lkab 

^Saj ^Uaull .^LaacVI ■* ‘''' jbjcVI (2)1 d diljjliiall (2)V 

(2|Sj La ACI 117 (IiljjUj JjJaJi i_a^ .baul ^Uaail 

(kaaJi lilUA 
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26.6.2.2 Compliance requirements: 

rJlilaVl cjUlal»26.6.2.2 

(a) Reinforcement, including bundled bars, shall be placed within 
required tolerances and supported to prevent displacement beyond 
required tolerances during concrete placement. 

n't liUj ^ L 4 J a. .*'1 

pUji ^ jA La ^1 a1 


(b) Spiral units shall be continuous bar or wire placed with even 
spacing and without distortion beyond the tolerances for the 
specified dimensions. 

jLubU Cjljjliilll dj.*^ UJ^J ^jLjaLa illlfiLau ^ 

(c) Sphces of reinforcement shall be made only as permitted in the 
construction documents, or as authorized by the licensed design 
professional. 

LaS jl ^ Aj ^^^A4jaa ^ LaS laid .."^U cjLajaajij ^ 

^L^^l (3^ Qji jX 


(d) For longitudinal column bars forming an end bearing splice, 
the bearing of square cut ends shall be held in concentric contact. 

d.a^ 4jini'lj 

.JSjaII d.l^la ^Laj Ajuj.all 


(e) Bar ends shall terminate in flat surfaces within 1.5 degrees of a 
right angle to the axis of the bars and shall be fitted within 3 
degrees of full bearing after assembly. 

jh 0^ 1.5 4->liiiia') ^lauSlI Ijjibl" ciljlaSlI (a) 

Jxj J.al£ (3’a^ 3 j.>.a\t 


COMMENTARY 


R26.6.2.2(a) Reinforcement, including bundled bars, should be 
adequately supported in the forms to prevent displacement by 
concrete placement or workers. Bundled bars should be tied or 
otherwise fastened together to maintain their position, whether 
vertical or horizontal. Beam stirrups should be supported on the 
bottom form of the beam by supports such as continuous 
longitudinal beam bolsters. If only the longitudinal beam bottom 
reinforcement is supported, construction traffic can dislodge the 
stirrups as well as any top beam reinforcement tied to the stirrups. 

‘ J ^ Axa^iaII t^j 4 (‘^)R26.6.2.2 

< 1 ^ o') Jajj JL«& 

ji JaliaJl * d 

.ijU^ JLa iliLalfJ ^ 

‘laAS „* ^ |j|_ aj. 4 lu 1 .all ^jJal) 

, iliUmij Ala^ja ^jIaII djalll iIiUlllI lilj^ 

R26.6.2.2(b) Spirals should be held firmly in place, at proper pitch 
and alignment, to prevent displacement during concrete placement. 
The Code has traditionally required spacers to hold the fabricated 
spiral cage in place, but alternate methods of installation are also 
permitted. If spacers are used, the following may be used for 
guidance: for spiral bar or wire smaller than 16 mm diameter, a 
minimum of two spacers should be used for spirals less than 500 
mm in diameter, three spacers for spirals 500 to 750 mm in 
diameter, and four spacers for spirals greater than 750 mm in 
diameter. For spiral bar or wire 16 mm diameter or larger, a 
minimum of three spacers should be used for spirals 600 mm or less 
in diameter, and four spacers for spirals greater than 600 mm in 
diameter. 

Jjc i I^ ‘IS ■' ^ 1.5*^^:! R26.6.2.2(b) 

Luaj) ^Auu t<Ljl£.4 ^ (3^ Judljill 

La ..1 ^4.19 idudljill ..1 ^ IjI 

500 jl (jjLali I_a^ 16 cb liUuill ji 

tJljl Jualjill 1 jlaS jala 750 i_^\ 500 ^ i^la 

^La 1 0 jlaij iilluall jl j*j‘t^aU aLu4.lllj .jlaill ^ ^la 750 

tjii ji ^ 600 tilljlaih JiVI ijiS' Judiji tj^i ji 

600 Cfi ^JudIjS 

R26.6.2.2(d) Experience with end-bearing splices has been almost 
exclusively with vertical bars in columns. If bars are significantly 
inclined from the vertical, attention is required to ensure that 
adequate end-bearing contact can be achieved and maintained. 

^ Alal^l ili^Liudjull ^ ^jaJall tlailS (J)R26.6.2.2 

^l sLaliVI t,_^ijll ^tlajll ^La al^cSlI tlul£ |j|, SliacSlI 

tU^lAudlj ,_^l^.all i^L^I JLtidjVI 

R26.6.2.2(e) These tolerances represent practice based on tests of 
full-size members containing No. 57 bars. 

^UiacSl tliljLaukl ^l Ailuu 4 ujijLa 4 tliljjliiall tiX Jlaj (J9^R26.6.2.2 

.57 t5J^ Jalill 
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26.6.3 Bending 


26.6.3 


26.6.3.1 Compliance requirements: 

(a) Reinforcement shall be bent cold prior to placement, unless 
otherwise permitted by the licensed design professional. 


c:iUlal»26.6.3.1 

^ liUj ^ La i AjuSaj IjjLj {}) 

^ 'I 

(b) Field bending of reinforcement partially embedded in 
concrete shall not be permitted, except as shown in the 
construction documents or permitted by the hcensed design 
professional. 




(c) Offset bars shall be bent before placement in the forms. 

. Jljill dj^ Offset (z) 


COMMENTARY 


R26.6.3 Bending 


R26.6.3 


R26.6.3.1(b) Construction conditions may make it necessary to bend 
bars that have been embedded in concrete. Such field bending 
should not be done without authorization of the licensed design 
professional. Construction documents should specify whether the 
bars will be permitted to be bent cold or if heating should be used. 
Bends should be gradual and should be straightened as required. 
Tests (Black 1973; Stecich et al. 1984) have shown that ASTM 
A615M Grade 280 and Grade 420 reinforcing bars can be cold bent 
and straightened up to 90 degrees at or near the minimum diameter 
specified in 25.3. If cracking or breakage is encountered, heating to 
a maximum temperature of 820°C may avoid this condition for the 
remainder of the bars. Bars that fracture during bending or 
straightening can be spliced outside the bend region. Heating should 
be performed in a manner that will avoid damage to the concrete. If 
the bend area is within approxi mately 150 mm. of the concrete, 
some protective insulation may need to be applied. Heating of the 
bar should be controlled by temperature-indicating crayons or other 
suitable means. The heated bars should not be artificially cooled 
(with water or forced air) until after cooling to at least 320°C. 

^ <L^xdl (jUJaill i^i ^Lull LijjJa R26.6.3.1(b) 

IjI La 

Stecich et al. 1984) s (Black 1973 cjljLalkVl cjjjji .^L»J1 Lf«^ 
(jSju 420 j 280 ^j-41 ^ ASTM A615M ^^LaJaa 
^ jL<a" Cy> 90 

jjlja, 4 a jj ja ijaSII ji Ji4ull 4.44.1^ 4JU ^ .25.3 

,(jLaaiaiII Aji4 Jaj^l ^>La 820 

(jjAuuh ^ (2)1 .^LaAjVI A^lala ji j- "S" 

ija ^ 150 ^LiAaVI 4^1ala tlulS |j| .^Luj^l Li5Li| 

. ,j,%iaU ^ JJ*1I ^Lia^ as 

dlA&Sh V ji 4jaAjj|^ 

4aj4 320 {^\ ^ j't pLail ^aiaaAa 

.jaSh^ 
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26.6.4 Welding 


(.urn 26.6.4 


26.6.4.1 Compliance requirements; (a) Welding of all 
nonprestressed bars shall conform to the requirements of AWS 
D1.4. ASTM specifications for bar reinforcement, except for 
ASTM A706M, shall be supplemented to require a mill test report 
of material properties that demonstrate conformance to the 
requirements in AWS D1.4. 


: cjUllal. 26.6.4.1 

AlYS AajjaII ^ 

AS'l'iVI f' ‘ j ASTIVI J ■'S*;, ..t u^J31,4. 

jjji: ijiiaj i A706M 
AWS D1.4. J cjUIalall 


COMMENTARY 

R26.6.4 Welding—If welding of reinforcing bars is required, the 
weldability of the steel and compatible welding procedures need to 
be considered. The provisions in AWS D1.4 cover aspects of 
welding reinforcing bars, including criteria to qualify welding 
procedures. Weldability of the steel is based on its carbon equivalent 
(CE), calculated from the chemical composition of the steel. AWS 
D1.4 establishes preheat and interpass temperatures for a range of 
carbon equivalents and reinforcing bar sizes. AWS D1.4 has two 
expressions for calculating CE. The expression considering only the 
elements carbon and manganese is to be used for bars other than 
ASTM A706M. A more comprehensive CE expression is given for 
ASTM A706M bars, which is identical to the CE formula presented 
in ASTM A706M. ASTM A706M covers low-alloy steel reinforcing 
bars intended for apphcations that require controlled tensile 
properties, welding, or both. Weldability is accomplished in ASTM 
A706M by requiring the CE not to exceed 0.55 percent and 
controlling the chemical composition. The manufacturer is required 
by ASTM A706M to report the chemical analysis and carbon 
equivalent (Gustafson and Felder 1991). When welding reinforcing 
bars other than ASTM A706M, the construction documents should 
specifically require that the mill test report include chemical analysis 
results to permit calculation of the carbon equivalent. It is often 
necessary to weld to existing reinforcing bars in a structure when no 
mill test report of the existing reinforcement is available. This 
condition is particularly common in alterations or building 
expansions. AWS D1.4 states for such bars that a chemical analysis 
may be performed on representative bars. If the chemical 
composition is not known or obtained, AWS D1.4 requires a 
minimum preheat. For bars other than ASTM A706M, the minimum 
preheat required is 150°C for No. 19 bars or smaller, and 260°C for 
No. 22 bars or larger. The required preheat for all sizes of ASTM 
A706M bars is to be the temperature given in the Welding Code’s 
table for minimum preheat corresponding to the range of CE “over 
0.45 percent to 0.55 percent.” Welding of the particular bars should 
be performed in accordance with AWS D1.4. It should also be 
determined if additional precautions are necessary, based on other 
considerations such as stress level in the bars, consequences of 
failure, and heat damage to existing concrete due to welding 
operations. AWS D1.4 requires the contractor to prepare welding 
procedure specifications (WPSs) conforming to the requirements of 
the Welding Code. Appendix A in AWS D1.4 contains a suggested 
form that shows the information required for a WPS. Welding of 
wire to wire, and of wire or welded wire reinforcement to 
reinforcing bars or structural steel elements is not covered by AWS 
D1.4. If welding of this type is required on a project, the 
construction documents should specify requirements or performance 
criteria for this welding. If cold-drawn wires are to be welded, the 
welding procedures should address the potential loss of yield 
strength and ductility achieved by the cold-working process (during 
manufacture) when such wires are heated by welding. These 
potential concerns are not an issue for machine and resistance 
welding as used in the manufacture of welded plain and deformed 
wire reinforcement covered by ASTM A1064M. 
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(b) Welding of crossing bars shall not be used for assembly of 
reinforcement unless permitted by the licensed design 
professional. 

liUjj ^ La ‘AxIalAlall ^^l j.>ia'l ..j 

.U^ija 


COMMENTARY 

^ i (j\S |j| - R26.6.4 

AWS D1.4 (_^aSu Cilplt-ilauall 

illwu ililplji&l J:ulx4 iillj ^ Laj 4^1^111 

^ 4 (CE) Cy* ^ (j^ 

(JA djlj^l CjI^jJAWS D1.4 

CE. OiJ^ AWS D1.4 tijUalia 

j^ jjuaiAllj j.i^UxII iais ^ 

ASTM A706Ma4^ >» CE ^^IjASTM A706M. 

ASTM A706M ASTM A706M. J CE jAj ‘ 

SjxaII CjIJ (jW*^ 

Cf" ASTM A706M JLaJj ^ .UAiii j\ j»LaJ j\ 

^jaull Ljj]^ ^ X CE O.SS^^ 

(jjjjSil Jjlxaj Cf- ASTM A706M (> A*l«aAll 

‘ ASTM A706Mjj& c^j^i ch^ ^ Felder 1991). j(Gustafson 

0jLlj (jlC’ ^La^VI ^1 uj^ 

^ UJ% ^ 

^jdwull ^U^ia.a ^ Ldallfr (jW-^ 

. AWS D1.4 pLL ji ^ Jaj.4^1 ilib 

^ IjI dalt JI 4 ^jlc- 

.^1 AW^S 111.4 0^ ^ ji lljjx.4 

‘ ASTM A706Mj:J^ ^ .u au ll lj ^ 

j) 29 ISO .1^1 (Jj% 

uj^.Ua.4ll * in\l jl 22 ^J d<lA&bU 260 J ^ 

JjjA aJjl^l SjljaJl Aajj Cxs^ cji J* ASTM A706M Ch^ 

^ j^i CE ^Uall ^UoaII <^1 Jj.waA.\I ^I^IIl 

lliaji 4^ AWS D1.4. A.^ o4*^ oi 4*^ ".^0.55 <^1 ^0.45 

i^lA (jj^\ ^1 iJUlyul 4A^jj.ua A^LJaj tjjUaLu^l iilUA Cul£ |j| La 

^Ltauj^ djlj^l ciljj 4 Ja^I '^Lr^aU ^ jL^VI ijjilutA 

4Jjl.i4^l^ JIJ&I JjIaaII ^ uliajj, AWS D1.4 ^IiULaC- '/;■■■; 
AWS D1.4 A 4ijl,\.Ualfc\ ^lLoJI (WPSs) 

AWS D1.4 iJ^ V WPS.j*'^ ^jILaII tjjlajkAH (j^ 

ja^LjlII ^tjliyiull ^1 lil^iLyuSfl 4iiI^LyuSfl iil^LyuSfl 

J.1^ 4^jja^aII ^ U^^UaA Cyi ^l^IIl (j\S Gl .A^Lh^VI 

^jlC’ iil^LyuStl Cul£ IjI 1^ piji 4ijUlJal4 pL4A?^l CilalHuM 

^XoI^aII djL^i^l ^1^111 ^Lu 4^j^La 

dlft ^ La.Al& pUjI) AjLa& ^ A^Ull ^j^lj 

La£ ^jlLaj AuaJad Cuuul AIoa^aII cijl^All a^A iiI^L.uSfl 

ASTIM Adiaaj a^^MAll iiHyoIl iillyuil 

A1064M. 

R26.6.4.1(b) “Tack” welding (welding erossing bars) can seriously 
weaken a bar at the point welded by creating a metallurgical notch 
effect. This operation can be performed safely only when the 
material welded and welding operations are under continuous 
competent control, as in the manufacture of welded wire 
reinforcement. 

LilxJal (^bdli 04^) "Tack" d u^ R26.6.4.1 (b) 

Jjilj V. ^.^xa]| j^Lj AJaij .llfr r_uc^aU 

A2aJ^ djla^ CiAll ^,^^&1a 1I ^l^ill iIjL^aC' (jj^ La.ilfr V| 0^4 A^4 a9l1I 

iil^LyuVI ^j ^^ Jl^l jlb La£ 4dJAl4AA 


739 












CODE 

COMMENTARY 

26.7—Anchoring to concrete 

R26.7—Anchoring to concrete 

^Lyut-nm R26.7 - 

^Lyut^nm R26.7 - 

26.7.1 Design information: 

(a) Requirements for assessment and qualification of anchors for 
the applicable conditions of use in accordance with 17.1.3. 

(b) Type, size, location requirements, effective embedment depth, 
and installation requirements for anchors. 

(c) Minimum edge distance of anchors in accordance with 17.7. 

(d) Inspection requirements in accordance with 26.13. 

(e) For post-installed anchors, parameters associated with the 
strength used for design, including anchor category, concrete 
strength, and aggregate type. 

(f) For adhesive anchors, parameters associated with the 
characteristic bond stress used for design in accordance with 
17.4.5, including minimum age of concrete, concrete temperature 
range, moisture condition of concrete at time of installation, type 
of lightweight concrete if applicable, and requirements for hole 
drilling and preparation. 

(g) Quahfication requirements for installers of anchors in 
accordance with 17.8.1. 

(h) Adhesive anchors installed in a horizontal or upwardly 
inclined orientation, if they support sustained tension loads. 

(i) Required certifications for installers of adhesive anchors that 
are installed in a horizontal or upwardly inclined orientation to 
support sustained tension loads in accordance with 17.8.2.2 and 
17.8.2.3. 

(j) For adhesive anchors, proof loading where required in 
accordance with 17.8.2.1. 

(k) Corrosion protection for exposed anchors intended for 
attachment with future Work. 

R26.7.1 Minimum requirements for specification of anchors in the 
construction documents for conformance with the Code are listed. 
Other information may be applicable for specific cases. For adhesive 
anchors, application-dependent requirements for qualification of 
installers and inspection may apply. 

^ .-iI all*., R26.7.1 

i-iI'm.'U 4-uju11j. CjLajlxJl (^x}^ 

■ Uy**" (liUjJaill ijlC’ SxajxJl tliLllaUl 

26.7.1 

.17.1 .3 ^ 

.17.7 ^ <^1 

.26.13 ^CiUlLla 

( ^Lyuj^l djij ( filij Lu ( 

dJj.Mll CiLaIaaII t AjmjIIj 

( ^Lyuj^l <^1 ^ bu ( 1 7.4.5 

, CjUUsIaj ( (Jl ^Lyuj^l 

.17.8.1 ^ buj^l iliUUald ^J^ 

jLo^l ^Jj Cul£ IjI i Jjba ji dl^l ^ 

jl dl^l fjk buj^l 

.17.8.2.3 j 17.8.2.2 -1 iisj 5JUa.i 

Jjlj jt^ LaI lldj ojjjAjall .ij& ^ (JjUjmII AjmuIIj 

.17.8.2.1 

(JaaII ^ d.^AAll isjlj^U j£Llll ^La^I 
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26.7.2 Compliance requirements; 

cjUlal. 26.7.2 

(a) Post-installed anchors shall be installed in accordance with the 
manufacturer’s instructions. Post-installed adhesive anchors shall 
be installed in accordance with the Manufacturer’s Printed 
Installation Instructions (MPII) 

^ ejLulaLil UAj ■■■' AJuLoll ^ 

(|\/|P||)AajU^I diLulul 

26.8—Embedments 
26.8.1 Design information: 

(a) Type, size, details, and location of embedments designed by 
the hcensed design professional. 

(b) Reinforcement required to be placed perpendicular to pipe 
embedments. 

(c) Specified concrete cover for pipe embedments with their 
fittings. 

(d) Corrosion protection for exposed embedments intended to be 
connected with future Work. 

Jjill 26.8 - 
CjLa^jla.d26.8.1 

1^ nnin CjUIaC (^) 

^ dA.4ljLl.4 

JSUll ^ ,1^1 JJa.4 

d.axllj 4ja^j.4 tjjS^ (2)'^ IsjIjaII 


26.8.2 Compliance requirements; 

(a) Type, size, details, and location of embedments not shown in 
the construction documents shall be submitted for review by the 
licensed design professional. 

(b) Aluminum embedments shall be coated or covered to prevent 
aluminum-concrete reaction and electrolytic action between 
aluminum and steel. 

(c) Pipes and fittings not shown in the construction documents 
shall be designed to resist effects of the material, pressure, and 
temperature to which they will be subjected. 

(d) No liquid, gas, or vapor, except water not exceeding 32°C or 
0.35 Mpa pressure, shall be placed in the pipes until the concrete 
has attained its specified strength. 

(e) In solid slabs, piping, except for radiant heating or snow 
melting, shall be placed between top and bottom reinforcement. 

(f) Conduit and piping shall be fabricated and installed so that 
cutting, bending, or displacement of reinforcement from its 
specified location is not required. 


COMMENTARY 


R26.7.2(a) The Manufacturer’s Printed Installation Instructions 
(MPII) contain all relevant information for the proper installation of 
post-installed adhesive anchors. Other information may be 
applicable for specific cases. For adhesive anchors, application- 
dependent requirements for qualification of installers and inspection 
requirements may apply. 

ijlc- (MPII) cjLulxj R26.7. 2(a) 

CilJ CjLajluftll 

^ ^ CiUjIaU 4jnn\lj, ^ CiLajLlaII 
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; JliLaVl tljUliala 26.8.2 

^ (IdUlLbujVl 

lil^^^lj ^Lyuj^lj ^jjilolV) J&Uj ^1a 1 ^j^lolSfl cilij 

.uAuallj 

4,A.A»Art pUJl ^Ijj (jA j^1j.aI1 (jjS^ (^) 

.1^ ^jjJajxL djlj^l ^jJj JaLiallj SjUaII CjIj^Ij ^jHaI 

4^jj.4 32 V pLoIl pUjlyuL ji jl£ ji c.pLyu ^ (^) 

^1 ^Lyu^^l (J.^ uuUStl (jk i Jl^bl^i^ 0.35 

(jjj (jWj^ ^ ^ Aia^Lll ^ 

jl jl V l^n^jjj uj^UVlj j^l.^^1 


26.9—Additional requirements for precast concrete 

R26.9—Additional requirements for precast concrete 


y^All 4Aihi«lii& chihALtfl R26.9 - 

26.9.1 Design information: 

tIjLa.^^lx.4 26.9.1 


(a) Dimensional tolerances for precast members and interfacing 
members. 

R26.9.1(a) Design of precast members and connections is 
particularly sensitive to tolerances on the dimensions of individual 

,J&L&2ll pLJa&ij c_i^t aIjmm pLJa&bU JbuSfl 

members and on their location in the structure. To prevent 

misunderstanding, the tolerances used in design should be specified 
in the construction documents. Instead of specifying individual 
tolerances, the standard industry tolerances assumed in design may 
be specified. It is important to specify any deviations from standard 
industry tolerances. The tolerances required by 26.6.2 are considered 
to be a minimum acceptable standard for reinforcement in precast 
concrete. Industry-standard product and erection tolerances are 

provided in ACI ITG-7-09. Interfacing tolerances for precast 

concrete with cast-in-place concrete are provided in ACI 117. 

jA tlbLdjlIj '■'Jri.n'i (2l! R26.9.1(a) 

^14, ^ cjliijLiUl 

diljjlilll JjJaJi ^ ^ ^ ^ „.'i 

^ ^ j‘ ..IjaU ^ ^Luull 

^ .-,1 .. .1 , „*'l JJJXJ, ‘‘^'1 ^ ^LjuII LiljaJI j\ 

^ .."^u 0^^ 26.6.2 

(jjj ^Luull ^ ACI ITG-7-09. 4-ujjUtl) 

ACI Wl ^>41 ^ 3jAl^l AjLui 

(b) Details of lifting devices, embedments, and related 
reinforcement required to resist temporary loads from handling, 
storage, transportation, and erection, if designed by the licensed 
design professional. 

R26.9.1(b) If the devices, embedments, or related reinforcement are 
not designed by the hcensed design professional, these details 
should be provided in shop drawings in accordance with 26.9.2(c). 

jLa^Sfl ^jHaI Al^l CiIJ ^jlyiull iIsjIjaIIj Jj.W a*^ 

^ CilJ j\ JJ^I ji dj^^Sfl ^ R26.9.1(b) 

IaI liij ^ 4 

(c).26.9.2> 
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26.9.2 Compliance requirements; 

(a) Members shall be marked to indicate location and orientation 
in the structure and date of manufacture. 

(b) Identification marks on members shall correspond to erection 
drawings. 


iJiiLaVl cjUkL, 26.9.2 

jujljj ^ 5fUiaftSfl Ijis- (i) 

LjLjuII CJuiUa (^xS^ (‘r‘) 

(c) Design and details of lifting devices, embedments, and related 
reinforcement required to resist temporary loads from handling, 
storage, transportation, and erection shall be provided if not 
designed by the licensed design professional. 


iJl ( ^ JLa^VI 

aJA . Aa'^U ^ I ^ AJ A , ^ ^ 


(d) During erection, precast members and structures shall be 
supported and braced to ensure proper alignment, strength, and 
stability until permanent connections are completed. 

jl aI»;■ "A diLuldlj fUiacSh ^Uji 

, ALulill (j. 4 ^ jtjal. ..ytj djilij 


(e) If approved by the licensed design professional, items 
embedded while the concrete is in a plastic state shall satisfy (1) 
through (4); 

(1) Embedded items shall protrude from the precast concrete 
members or remain exposed for inspection. 

(2) Embedded items are not required to be hooked or tied to 
reinforcement within the concrete. 

(3) Embedded items shall be maintained in the correct position 
while the concrete remains plastic. 

(4) The concrete shall be consolidated around embedded items. 


aja.aa'UI ^sI .AA^i ^ 1^ tlLaj |j| (^) 

:(4)(^! (1) 0- ^ fUji 

^L^auj^l fLJafrVl Cy* jj^ (1) 

ji V (2) 

^(3) 

.JjjLaII (4) 


COMMENTARY 


R26.9.2(c) Refer to R26.9.1(b). At the option of the licensed design 
professional, specifications can require that shop drawings, 
calculations, or both be submitted for the items included in this 
provision when their design is delegated to the contractor. 

^ R.9.9.1 (b). R26.9.2(c) 

AjA.AA*; ^ L 4 . 4 A& ^ 


R26.9.2(d) All temporary erection connections, bracing, and shoring 
as well as the sequencing of removal of these items should be shown 
in construction documents or erection drawings, depending on the 
assignment of responsibility for the means and methods of 
construction 

O' R26.9.2(d) 

4 ji ^L^yi ^ dljb ^L4ay0 

.fU4l '.*j" ‘ “'j cPIaajjj JjUaII ^jlC' IjLoj&I 

R26.9.2(e) Many precast products are manufactured in such a way 
that it is difficult, if not impossible, to position reinforcement that 
protrudes from the concrete before the concrete is placed. Such 
items as ties for horizontal shear and inserts can be placed while the 
concrete is plastic, if proper precautions are taken. This provision is 
not applicable to reinforcement that is completely embedded, or to 
embedded items that will be hooked or tied to embedded 
reinforcement. 


(2)1 I '/« A,'! ^ ^jlaj dilAulall ^ R26.9.2 (e) 

jA 4JL4JJ ^ Jajljjll Jla j^Uft 

ji UaLoj V. CiUabl^Vl ^ 

jl jjxil J.i^U9dl 
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26.10—Additional requirements for prestressed concrete 

26.10 - 

R26.10—Additional requirements for prestressed concrete 

R26.10 - 

26.10.1 Design information: 

<^l>4^^Ix.a26.10.1 

R26.10.1(b) The sequence of anchorage device stressing can have a 
significant effect on general zone stresses. Therefore, it is important 
to consider not only the final stage of a stressing sequence with all 

(a) Magnitude and location of prestressing forces. 

tendons stressed, but also intermediate stages during construction. 


The most critical bursting forces caused by each of the sequentially 
posttensioned tendon combinations, as well as that of the entire 
group of tendons, should be taken into account. 

(b) Stressing sequence of tendons. 

LjiJa Ijk- J^b tlub-ll) JI 4 A J^b J. 111. in' ijjij ( 2)1 R26.10.1(b) 


^ jaifi 0 ^ ^ AlialAll 

, pUjI Aia.4.ujlall LJajI t ^ 

(c) Type, size, details, and location of post-tensioning anchorages 
for systems selected by the licensed design professional. 

(d) Tolerances for placement of tendons and posttensioning ducts 
in accordance with Table 26.6.2.1(a). 

(3£ j^Sfl 

I 4 HI ( J^jiiyuloll Jax.uall 

SjU^aII ^.olajbU 1^1 iau La Jj«nl 41 j (^) 

26.6.2.1 ^ La j^ljpaj CdLjjLiall 

•(') 


(e) Materials and details of corrosion protection for tendons, 
couplers, end fittings, post-tensioning anchorages, and anchorage 
regions. 

R26.10.1(e) For recommendations regarding protection, refer to 
Sections 4.2 and 4.3 of ACI 423.3R, and Sections 3.4, 3.6, 5, 6, and 
8.3 of ACI 423.7. Also refer to 20.6.1.4.2 for corrosion protection 

JSUll ^ ^Lo^l Jlj.a 

requirements. Corrosion protection can be achieved by a variety of 
methods. The corrosion protection provided should be suitable for 
the environment in which the tendons are located. Some conditions 
will require that the prestressed reinforcement be protected by 
concrete cover or by cement grout in metal or plastic duct; other 
conditions will permit the protection provided by coatings such as 
paint or grease. Corrosion protection methods should meet the fire 
protection requirements of the general building code unless the 
installation of external post-tensioning is to only improve 
serviceability. 

(f) Requirements for ducts for bonded tendons. 

^ ^Lo^L ^LaVl^^U Aj.yiullj R26.10.1(6) 

ACI 6 - 8.3 j 6 j 5 j 3.6 j 3.4 ACI 423.3R 6 - 4.3 j 4.2 

^ ^La^I (j^. ^La^ CiLiUalA,! 20.6.1.4.2 ^U423.7. 

^Lyull ^ 

JajjMj ji ^ ^^^aIaauI Js^Laj jI ^Lauj^ fUaij Uaala 

Jla U jSjj ^La^I ^lamu LijA.u 

^ La ^Ixll ^ (jA ^La^I cjUlIalAj J£L1I1 ^La^I JjLauj 

tjjUlJala 

R26.10.1(f) Guidance for specifying duct requirements for bonded 
tendons is provided in PTI M50.3 and PTI M55.1. 

1*^1 ^jli^ i-ii au*! A ^ R26.10.1 (f) 

PTI M55.1 .j PTI M50.3 tJ 
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(g) Requirements for grouting of bonded tendons, including 
maximum water-soluble chloride ion (C1-) content requirements 
in 19.4.1. 

R26.10.1(g) Guidance for specifying grouting requirements for 
bonded tendons is provided in PTI M55.1. 

^ 1.^1 CjbLujI ^ R26.10.1(g) 

.19.4.1 (Cl -) 9'^^ tliUjjSfl -1^;^ iSJ^ 

PTI M55.1. 

26.10.2 Compliance requirements: 

(a) Type, size, details, and location of post-tensioning anchorage 
systems not shown in the construction documents shall be 
submitted to the licensed design professional for review. 

(b) Tendons and post-tensioning ducts shall be placed within 
required tolerances and supported to prevent displacement beyond 
required tolerances during concrete placement. 

(c) Couplers shall be placed in areas approved by the licensed 
design professional and enclosed in housings long enough to 
permit necessary movements. 

(d) Burning or welding operations in the vicinity of prestressing 
reinforcement shall be performed in such a manner that 
prestressing reinforcement is not subject to welding sparks, 
ground currents, or temperatures that degrade the properties of the 
reinforcement. 


CiUkw 26.10.2 

^ (^) 

.^Lyuj^l pUji ^ ^ La Jj.^1 

(3^1 Lg^ (^) 

^LamiU d±al (j^LuiaII ^ 4^ja1|j 

A^ialAll ^ ji LjLlA& (J^ 

ji ji 

9j\j^\ 


(e) Prestressing force and friction losses shall be verified by (1) 
and (2). 

(1) Measured elongation of prestressed reinforcement compared 
with elongation calculated using the modulus of elasticity 
determined from tests or as reported by the manufacturer. 

(2) Jacking force measured using calibrated equipment such as a 
hydraulic pressure gauge, load cell, or dynamometer. 

R26.10.2(e) Elongation measurements for prestressing should be in 
accordance with the procedures outlined in the Manual for Quality 
Control for Plants and Production of Structural Precast Concrete 
Products (MNL 117), published by the Precast/Prestressed Concrete 
Institute. 

cjfri Usj ^Ualul cjLubi Ci3^ 4 '^ R26.10.2(e) 

^^ 

^ »; ■ "- / A^Lui 1 (MNL 117) 

. (2)j (1) dLH^VI dji (jA ^ (d) 

^jaa^aII ^UaluuVb ^jUa 3^AA4ll ^aajI^aII ^UajAuVl (1) 

,^ja^a 1| dj£J La uihjA ji ^.I^aII ^jjaII (JaUa ^l.i^Ayulj 

( JaLJall Jla SjjUa CjIjxa ^ (2) 

ji ( Ja^I ji 
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(f) The cause of any difference in force determination between (1) 
and (2) of 26.10.2(e) that exceeds 5 percent for pretensioned 
construction or 7 percent for post tensioned construction shall be 
ascertained and corrected, unless otherwise approved by the 
licensed design professional. 

(2) J (1) On ^ i^\ uu ijM .iSUlh (j) 

^ 7 ^LaII ^ 5 10.2(e) 

uijA^ ‘''' lillj ijlC' (JUjVI ^ ^ Li t 


(g) Loss of prestress force due to unreplaced broken prestressed 
reinforcement shall not exceed 2 percent of the total prestress 
force in prestressed concrete members. 

^ ‘ jIs JjIaJu Vi (J) 

^LAa&i ^ (_jAAjiAh Sji ^La^I (ja ^LaIL 2 


(h) If the transfer of force from the anchorages of the 
pretensioning bed to the concrete is accomplished by flame 
cutting prestressed reinforcement, the cutting locations and 
cutting sequence shall be selected to avoid undesired temporary 
stresses in pretensioned members, (i) Long lengths of exposed 
pretensioned strand shall be cut near the member to minimize 
shock to the concrete, (j) Prestressing reinforcement in post- 
tensioned construction shall not be stressed until the concrete 
compressive strength is at least 17 MPa for single-strand or bar 
tendons 28 MPa for multistrand tendons, or a higher strength, if 
required. An exception to these strength requirements is provided 
in26.10.2(k). 

in (jAjla ^La rn n't ja ija ^ 

JaaLajj ^laih 

fL ascVI 

jAdxh ijA ujilL Ja^I 4.LLa O^ 

,^Laj^I JaI^ 

^jIAA Ja^A ^_^A^ ^Ia^I ^ Aa^I AIaaaA ^jAaaA AaIaC ijlC’ V (j) 

28 ‘Ca5LI£11 IsajaSi ji ^jUVI i:j5Ll£ll (_ylc. JHaaLI^IV JalxAajVl 

f.l •‘n, „l JjAJ, JaVI ‘ ‘ SjJalA jljjbU JILaiIaI^^ 

26.10.2(k). (J ij CAblklAli 


COMMENTARY 

R26.10.2(f) The 5 percent tolerance for pretensioned construction 
reflects experience with production of those members. Because 
prestressing reinforcement for pretensioned construction is usually 
stressed in air with minimal friction effects, a 5 percent tolerance is 
considered reasonable. For post tensioned construction, a slightly 
higher tolerance is permitted. Elongation measurements for 
posttensioned construction are affected by several factors that are 
less significant or that do not exist for pretensioned construction. 
The friction along prestressing reinforcement in post-tensioning 
applications may be affected to varying degrees by placing 
tolerances and small irregularities in tendon profile due to tendon 
and concrete placement. The friction coefficients between the 
prestressing reinforcement and the duct are also subject to variation. 

^UaI ^_^aaaaI1 ^Ia^ ^LaII ^ 5 ^Laaaa ^LaHI ^aIoa R26.10.2(f) 

(JaaaaII ^aLaia ijlC’ Lkib J^IaII ^ AaV ^Li^Vl fVjA 

JAA*A Z5 AaaaAA ^LaaII lli!l£A^I J^Ia JsIa ^ ^_}Aaaa1| 

»It A pIa^I a \t . lit . ..1 jA ^tjj_ ^^LuaIL ^ a »in I It A 

iillSA^Vl JaIaA ^^AaaaII ji AAiAAI Jii 

^AAaj ^jAjia ^jLaaa iljL^jAA Aa^I (3^aaa La CaUaaIsa ^ ^^JaaaaaII ^aIaaa 

, ^LaJ^Ij £AAaj AAAaaA Ca^I£ 1I SjjAd ^ AJaL^ i'iIa'Kaj 

.jaasaU LasaI ^ tLiillj JL^VI ^aLaa ii!l£A^VI CiV-aLla 

R26.10.2(g) This provision applies to all prestressed concrete 
members. For cast-in-place post-tensioned slab systems, a member 
should be that portion considered as an element in the design, such 
as the joist and effective slab width in one-way joist systems, or the 
column strip or middle strip in two-way flat plate systems. 

. ^Iaa ^La jaJI (XOaC-S ^a a IaA (jjtiij R26.10.2(g) 

f lillj jA jAdall OS^ ^ Ja^I (JfuAA Aaaa^Ia 

uLa^VI 'LaIuI ^ JbLill ^VaII uLa^VI ■-ja.aa'U ^ j.a'IaS 

aI^VI ^Iaa CaI j 4jaVA ^ JsaajVI CaIaI£ ji JjAxll CaIaIS ji i sL^VI 
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(k) Lower concrete compressive strength than required by 
26.10.2(j) shall be permitted if (1) or (2) is satisfied: 

(l) Oversized anchorage devices are used to compensate for a 
lower concrete compressive strength. 

(2) Prestressing reinforcement is stressed to no more than 50 
percent of the final prestressing force. 

R26.10.2(k) To limit early shrinkage cracking, monostrand tendons 
are sometimes stressed at concrete strengths less than 17 MPa. In 
such cases, either oversized monostrand anchorages are used, or the 
strands are stressed in stages, often to levels one-third to one-half 
the final prestressing force. 

26.10.2(j) ^ ^Lyuj^l iaLua 

:(2) ji(l) 

5^ ^ 4_L4ll ^ 50 0^ AOd ^ ^ ^ (*^(2) 

(_yk- 0^^^* ^ ‘ Cy* R26.10.2(k) 

dlft Jl« (jk JI£a.uIj 1 7 ^Lyuj^l iallj ^ 

Cy’ ‘ u^\ diljjluu ij\\ Cy’ 

26.11—Formwork 

mUj^I (i^ (i^l^ 26.11 - 

R26.il—Formwork 

R26.il- 

26.11.1 Design of formwork 

4^1.^ ^‘^-^’^26.11.1 

R26.il.1 Typically, the contractor is responsible for formwork 
design, and the Code provides the minimum formwork performance 
requirements necessary for public health and safety. Concrete 
formwork design, construction, and removal demands sound 
judgment and planning to achieve adequate safety. Detailed 
information on formwork for concrete is given in “Guide to 
Formwork for Concrete” (ACI 347). This guide is directed primarily 
to contractors for design, construction, materials for formwork, and 
forms for unusual structures, but it should aid the hcensed design 
professional in preparing the construction documents. Formwork for 
Concrete, ACI SP-4, is a practical handbook for contractors, 
engineers, and architects. It follows the guidelines established in 
ACI 347 and includes information on planning, building, and using 
formwork. It also includes tables, diagrams, and formulas for 
formwork design loads. ACI 301 Section 2 provides reference 
specifications for formwork. 

‘ JjlLdl ‘ R26.11.1 

^J5U| ^bi tliUUala ^ 

, ^l£ll "'t 

" JjIj" 4.9jLa 4JLuj^ ^ 4 diLajlx. 

pUJij JjVl ^ ^(ACI 347). 

.^L4.uj 

(jlaC- jib i ACI SP-4 ^ 

ACI (jj“' 

LaS CjL4.^^Ix.a 

ACI 301 J^Jd. 

J.A«j ja1\ kiiLL^IjpAllS^ction 2 
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26.11.1.1 Design information: 

(a) Requirement for the contractor to design, fabricate, install, and 
remove formwork. 

(b) Location of composite members requiring shoring. 

(c) Requirements for removal of shoring of composite members. 

COMMENTARY 

R26.il. 1.1 Section 24.2.5 covers the requirements pertaining to 
deflections of shored and unshored members. 

J.ah fUdcSlI ijtiuLj Alkloll tliLllalall 24.2.5 ^^.^1 R26.il.1.1 

jjftj 

26.11.1.1 

^LJa&Vl ^>4 (u) 

f'Lua&Sfl ^U! 


26.11.1.2 Compliance requirements: 

(a) Design of formwork shall consider (1) through (5): 

(1) Method of concrete placement. 

(2) Rate of concrete placement. 

(3) Construction loads, including vertical, horizontal, and impact. 

(4) Avoidance of damage to previously constructed members. 

(5) For post-tensioned members, allowance for movement of the 
member during application of the prestressing force without 
damage to the member. 

(b) Formwork fabrication and installation shall result in a final 
structure that conforms to shapes, lines, and dimensions of the 
members as required by the construction documents. 

(c) Formwork shall be sufficiently tight to inhibit leakage of paste 
or mortar. 

(d) Formwork shall be braced or tied together to maintain position 
and shape. 


tiiUku* 26.11.1.2 

:(5) i^\ (1) -wAuaj ^Ijj 0* 4*^ (b 

uumuUI JJs-4(2) 

,Jtl\ j j jll Uj 4 pLuIl jUa.i(3) 

.IAjUj f'LuaC'VL uu^( 4 ) 

dji ^ 3 ^^^ 4 fLJa&SU ^ Din\lj(5) 

.jJaxll ^ jjJa (jjJ 

^ cfi" (^) 

.pUijVl {jk ujlixa ^ LaS JljuStlj Jajia^lj 

.(JjIjmiII ji AjA&ddl ujmu ^IaI ^^ 5 !% Laj 4_a£^ 

iali^ Ijla jl 


26.1 1.2 Removal of formwork 

cJljail ^IJ! 26.11.2 

R26.11.2 Removal of formwork 

LJljail ^U!R26.11.2 

26.11.2.1 Compliance requirements: 

(a) Before starting construction, the contractor shall develop a 
procedure and schedule for removal of formwork and installation 
of reshores, and shall calculate the loads transferred to the 
structure during this process. 

(b) Structural analysis and concrete strength requirements used in 
planning and implementing the formwork removal and reshore 
installation shall be furnished by the contractor to the licensed 
design professional and to the building official, when requested. 

R26.11.2.1 In determining the time for removal of formwork, 
consideration should be given to the construction loads, in-place 
strength of concrete, and possibility of deflections greater than 
acceptable to the licensed design professional (ACI 347 and ACI 
347.2R). Construction loads may be greater than the specified hve 
loads. Even though a structure may have adequate strength to 
support the applied loads at early ages, deflections can cause 
serviceability problems. The removal of formwork for multistory 
construction should be a part of a planned procedure developed by 
the contractor that considers the temporary support of the entire 
structure as well as each individual member. Such a procedure 
should be planned before construction and should be based on a 
structural analysis taking into account at least (a) through (e): 
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(c) No construction loads shall be placed on, nor any formwork 
removed from, any part of the structure under construction except 
when that portion of the structure in combination with remaining 
formwork has sufficient strength to support safely its weight and 
loads placed thereon and without impairing serviceability. 

(d) Sufficient strength shall be demonstrated by structural analysis 
considering anticipated loads, strength of formwork, and an 
estimate of in-place concrete strength. 

rJli-Vl cjUkla 26.11.2.1 

tlUjUJ ijlC’ ^ 

9JA I—lAjj i resorses 

.AoLaxll 

'I J t-v'H i-il tU*.. ( 2 )i jjiiAii ^ (u) 

dJlflj jLo&i liiljj ^ ^.A^lyuAll 

ji ipLuuvi (> ^ V (^) 

^ ch Cy* 

.iillj (jJ^J ^jj djA Aj^ 

JLa^VI 0^ A^Lill ^ 


(e) The estimate of in-place concrete strength shall be based on 
tests of field-cured cylinders or on other procedures to evaluate 
concrete strength approved by the licensed design professional 
and, when requested, approved by the building official. 

^ A^Lyuj^l ^ 6' (-») 

(j^ LulJ^ A^bLall tliUljlauSlI 
IAAajaj ( ullall aJaIxaII 


(f) Formwork shall be removed in such a manner not to impair 
safety and serviceability of the structure. 

(g) Concrete exposed by formwork removal shall have sufficient 
strength not to be damaged by the removal. 

(h) Formwork supports for post-tensioned members shall not be 
removed until sufficient post-tensioning has been applied to 
enable post-tensioned members to support their dead load and 
anticipated construction loads. 

-LilxJal V ^Ijj 

V ililj ^U! 0^ 4.uajXAll (^XS^ (J) 

.AllJVl 

^ fLJa&bU ^U! ^ (z) 



COMMENTARY 

(a) The structural system that exists at the various stages of 
construction, and the construction loads corresponding to those 
stages; (b) The in-place strength of the concrete at the various stages 
during construction; (c) The influence of deformations of the 
structure and shoring system on the distribution of dead loads and 
construction loads during the various stages of construction; (d) The 
strength and spacing of shores or shoring systems used, as well as 
the method of shoring, bracing, shore removal, and reshoring 
including the minimum time interval between the various 
operations; (e) Any other loading or condition that affects the safety 
or serviceability of the structure during construction. ACl 347.2R 
provides information for shoring and reshoring multistory buildings. 

Sjij 1 JLa^i 1 ^0! Ajc R26.il.2.1 

JU>.Vl 03^ ACI 347.2R) . j(ACI 347 

^ <1 dilj ^ O'^ 0^ 

^ 0^ dj.4^1 jLa&SII 

jjjxj ^ jll Jjllall ija <U ^ JJala ulljlll 

IJA Jlol ^UdVlj I^'■'Si; v" 

L5^! (^) jUjgVI jjlfLjAi JjlaJ 'i h»nj 

jsSfl fjs- (.A) 

liim ^lAall fbgij d^lj.a ‘ ^ 'I ^Uklll 

fUji 4.ail&.all d^lj.all ^ 

^b4l JLa^ij JLa^SlI dfb^t (^) 

d^lj.a 

^LwiaII Aljjla ALjmII ^ jl dJgb.4ilj djill 

bH *41^ ^ Lu jjjnnil dJlgjj (biLalgillj 

t.t .U i-tl 

.^U4l fLui ji jjjj ji (-ft) 

.(jjljkll tJAila ^Uall ?Uj sJlgjj ^ CjL9jk.a ACI 347.2R J^JJ 

R26.11.2.1(e) Evaluation of concrete strength during construction 
may be demonstrated by field-cured test cylinders or other 
procedures approved by the licensed design professional and, when 
requested, approved by the building official, such as (a) though (d): 

(a) Tests of cast-in-place cylinders in accordance with ASTM C873. 
This method is limited to use for slabs where the depth of concrete is 
between 125 to 300 mm. 

(b) Penetration resistance in accordance with ASTM C803 

(c) Pullout strength in accordance with ASTM C900 

(d) Maturity index measurements and correlation in accordance with 
ASTM C1074 Procedures (b), (c), and (d) require sufficient data for 
the materials used in the Work to demonstrate correlation of 
measurements on the structure with the compressive strength of 
molded cylinders or drilled cores. ACI 228.IR discusses the use of 
these methods to evaluate the in-place strength of concrete 

biUljJauii 4ja.diljj fb4l ajS biu d 0^,26.11.2.1 (e) 

^ dXoJXAll j) fLftllj df^^loAll jLj^VI 

iillj ^ jLa '^\**'* AlC'j tAj 

ASTM CS73. AltadljAll l^uaW CiUljisAui 

^ 300 (^! 125 0:^ ^tyu ^^aC' AJa^Lil In u nt A^jLlI 

ASTM C803-i Iaj\1a (^) 

ASTM C900-1 liaj SjS (^) 

uliajj ASTM C1074 ^ ^LyuLa 

J-uJi ^ jIjaU A^l£ J j(b) 

ACI >J^ ^UIjiaAul ^LyuLlII 
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(i) No construction loads exceeding the combination of 
superimposed dead load plus live load including reduction shall 
be placed on any unshored portion of the structure under 
construction, unless analysis indicates adequate strength to 
support such additional loads and without impairing 
serviceability. 

^ A pUj JLa^I ij\ ^ (i) 

j\ liUj ^ Lu ^LXayb 

JLa^Sh tJA Ul£ ijlC’ djb'U Jjj ^ 1 ^ 

^LLab jljaiaVI CiJ^J 4^b<ayi 


26.12— Concrete evaluation and acceptance 

5jbjijaXl Jjjij j»jj4j26.12 - 


26.12.1 General 


(‘1*26.12.1 


26.12.1.1 Compliance requirements; 

(a) A strength test shall be the average of the strengths of at least 
two 150 X 300 mm. cylinders or at least three 100 x 200 mm. 
cylinders made from the same sample of concrete and tested at 28 
days or at test age designated for fe'. 


rJliLaVl bibllala 26.12.1.1 
Jsvi Jaujla jA Sjill (^) 

ijA fAa 200 X 100 biUljk4jii JaSfl ji (Aa 300 x 150 

fe '.J jbjXVI J.a* ^ ji 28 lAjbjXI 


COMMENTARY 


R26.11.2.1 (i) The nominal live load specified on the drawings is 
frequently reduced for members supporting large floor areas, and the 
limit on construction loads needs to account for such reductions. 

elillala;bal) ^ ^ ba iR26.11.2.1 (1) 

Jba^Sl bl'l ‘ <bai3ji ejl.^bji.a ^biacbU 


R26.12 —Concrete evaluation and acceptance 

4jL«jaX( j»^R26.12 - 


R26.12.1 General 


j»l* R26.12.1 

R26.12.1.1(a) Casting and testing more than the minimum number 
of specimens may be desirable in case it becomes necessary to 
discard an outlying individual cylinder strength in accordance with 
ACI 214R. If individual cylinder strengths are discarded in 
accordance with ACI 214R, a strength test is valid provided at least 
two individual 150 x 300 mm. cylinder strengths or at least three 
100 X 200 mm. cylinder strengths are averaged. All individual 
cylinder strengths that are not discarded in accordance with ACI 
214R are to be used to calculate the average strength. The size and 
number of specimens representing a strength test should be the same 
for each concrete mixture. The cylinder size should be agreed upon 
by the owner, licensed design professional, and testing agency 
before construction. Testing three instead of two 100 x 200 mm. 
cylinders preserves the confidence level of the average strength 
because 100 x 200 mm. cylinders tend to have approximately 20 
percent higher within-test variability than 150 x 300 mm. cylinders 
(Carino et al. 1994). 


jaJl ija jjSi jL^Vlj ai% ( 2)1 ujcjaII R26.12.1.1(a) 

AjJjS AJIjlaul iji ijA b| ba ^ biLball JJxl 

J llsj ^IjlaajiSh ijfi ^ ij) ACI 214R. 4 ISaj 

jjljja (JaVl 05% (2)1 L jJiu l^j,ad.ia (2)5% Sjill jbjXI (2)li ‘ACI 2I4R 

200 X 100 (JaSfl (^ j\ (^ j^ia 300 x 150 ( 2 )bjjila 

^ V (^1 4JljlauVI ijS iatia .1 <4*..,1 (_(^ (_g^ ^ 

JJCj Jaajijla ul.u^ ACI 2I4R 4 USj l^Xa (j^lXjll 

(JUjVI ^ (2)1 .^LujXll ija JoalX (JXl abj4j jA ajS bal%xll 

(J^ jbliXVl ^IXjj lillLall (J^ (2).a ^IjkajiSll (_jl* 

ijA ali^l jjIm ijlC' JaaL^ij ^ 200 X 100 (2):4aljla.^l jb^l .^441 

LjiSu 1^4 (2)5% (2)1 u^\ ^ 200 X 100 t^^bljlauVl (2)Sl ij4l Jaa^ijla 

(Carino et ‘^jbljk.jSll (^ (4« 300 x 150 (> ‘441 (^ 20 jLliVl ijib 

al. 1994). 
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(b) The testing agency performing acceptance testing shall 
comply with ASTM C1077. 

ASTM JjAll jblil jUjiVl jaljjj (2)1(u) 

C1077. 


(c) Qualified field-testing technicians shall perform tests on fresh 
concrete at the job site, prepare specimens for standard curing, 
prepare specimens for field curing, if required, and record the 
temperature of the fresh concrete when preparing specimens for 
strength tests. 

dillixll JIJ&Ij Ill j all 

1-1 *j<\t jtjpj Ajjlflll ^ J-aSh 111 i^ll^l 

.Sjili cji jiuL'i 


(d) Qualified laboratory technicians shall perform required 
laboratory tests. 

A^IojlaII iljljUU^VI ^Ij^b (1) 


(e) AU reports of acceptance tests shall be provided to the licensed 
design professional, contractor, concrete producer, and, if 
requested, to the owner and the building official. 

I^llnllj J^l '-tjnirlUl fji\ Ji,}^l Clll('1^) 

,pU^I i^lll flil (iilil ulia IjIj ^uIaIIj 


COMMENTARY 


R26.12.1.1(b) ASTM C1077 defines the duties, responsibilities, and 
minimum technical requirements of testing agency personnel and 
defines the technical requirements for equipment used in testing 
concrete and concrete aggregates. Agencies that test cylinders or 
cores to determine compliance with Code requirements should be 
accredited or inspected for conformance to the requirements of 
ASTM Cl077 by a recognized evaluation authority. 

4 > ^jSTI ladlj cjUljj.**dlj cjL^ljll ASTM C1077 R26.12.1.1(b) 

^ iiiliXidll cjUIIsIaII ii^j jbj^VI ^l^j 

^^1 j\ tliUljlauVI 1^1 iliVl^jll 0 .^ 0 ^ i.iyj. j^l jll jbli^l 

ASTM CjUliaiLa ^ ^Ijjll 1 jj aA,ux.A 1.^1 djUIlalal JljlaVI 

.I 4 J uiJJ*,« 4iaLji O-4C1077 

R26.12.1.1(c) Technicians can establish qualifications by becoming 
certified through certification programs. Field technicians in charge 
of sampling concrete; testing for slump, density (unit weight), yield, 
air content, and temperature; and making and curing test specimens 
should be certified in accordance with the ACI Concrete Field 
Testing Technician—Grade 1 Certification Program, the 
requirements of ASTM Cl077, or an equivalent program. 

jwlJJ (jj jLajcVI (j-» tlilUjji ^Liul (jJjjiU uS^R26.12.1.1(c) 

jtjj^l ^jj^lJ^I Qjjl&ll, cjUl^.AII 

^ (ji ‘ sjljaJi ‘ ^Ij^Jl ‘ ‘ (5'i^jll (jJj) ^l4sll 

. ^IJ^I ^Ljjj^I ACI jl^l^l I'* -j jUj^VI jUj^Ij jLaj&I 

5 -Uj. ji ASTM C1077 ji JjSlI ‘ «»jl^.All ^Ujj 

R26.12.1.1(d) Concrete testing laboratory personnel should be 
certified in accordance with the ACI Concrete Laboratory Testing 
Technician—Level 1 Certification Program, the ACI Concrete 
Strength Testing Technician Certification Program, the requirements 
of ASTM Cl077, or an equivalent program. 

(^±ajXM ^Ljjj^I jL^I CX3^ o' R26.12.1.1(d) 

( 1 dJL^ ^Ujj - ACI 

.i/li, 5 -Ujj ji c ASTM C1077‘::il.#4sl« ‘ ACI j4iil 


R26.12.1.1(e) The Code requires testing reports to be distributed to 
the parties responsible for the design, construction, and approval of 
the Work. Such distribution of test reports should be indicated in 
contracts for inspection and testing services. Prompt distribution of 
testing reports allows for timely identification of either compliance 
or the need for corrective action. A complete record of testing 
allows the concrete producer to reliably establish appropriate 
mixture proportions for future work. 


^ SJjJjuiaII ciljlaSfl jblkVI Jijiii Jjjjj Jj^l R26.12.1.1(e) 

jUj^VI ^^jlll I.1A ^1 djLuVI ^.isl^^lj dfUjj J.4xll 

USjiuib jbj^VI jU2kVlj ^ 

'y' Cjfrlj^l jLkjl ^1 ^l^l ji Jl^VI l-al uullall ^ 

4.^L1aI| uiwu O' ^l-^..A^' ^*^*-1 ‘-It 

, JjILjuII ^ J.4xll 
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26.12.2 Frequency of testing 


jLlLVl jljSi 26.12.2 


26.12.2.1 Compliance requirements: 

(a) Samples for preparing strength test specimens of each concrete 
mixture placed each day shall be taken in accordance with (1) 
through (3): 

(1) At least once a day. 

(2) At least once for each 110 m3of concrete. 

(3) At least once for each 460 m2 of surface area for slabs or 
walls. 


: cjLUkl. 26.12.2.1 

AjuSaj ^ ^ 

:(3)c»^! (1) 

.JjLjijaJl jja uxLa jla mS 110 »>“(2) 

diUa^UU n't ^LuiaII lyi Jla m2 460 > j^(3) 

ji 


(b) On a given project, if total volume of concrete is such that 
frequency of testing would provide fewer than five strength tests 
for a given concrete mixture, strength test specimens shall be 
made from at least five randomly selected batches or from each 
batch if fewer than five batches are used. 

(c) If the total quantity of a given concrete mixture is less than 38 
m3, strength tests are not required if evidence of satisfactory 
strength is submitted to and approved by the building official. 

jl(s') 
i fja Jii 

^ JS ija ji lAjb^l ^ diUij (Ja 

, CjIaA.! ^ Ja (Jfil 

1 3 ^ 38 CH ‘Lu£ll dulS Ij| 

<Li4a ja ^ JjSl V 


COMMENTARY 


R26.12.2 Frequency of testing 


jUSiVl jljSSR26.12.2 


R26.12.2.1(a) Samples for strength tests are to be taken on a strictly 
random basis if they are to measure properly the acceptability of the 
concrete. To be representative within the period of placement, the 
choice of sampling times, or the concrete batches to be sampled, is 
to be made on the basis of chance alone. Batches are not sampled on 
the basis of appearance, convenience, or other possibly biased 
criterion, because the statistical analyses will lose their validity. 
ASTM D3665 describes procedures for random selection of the 
batches to be tested. Specimens for one strength test (as defined in 
26.12.2.1(a)) are to be made from a single batch, and water is not to 
be added to the concrete after the sample is taken. In calculating 
surface area, only one side of the slab or wall is considered. 
Criterion (3) will require more frequent sampling than once for each 
110 m3 placed if average wall or slab thickness is less than 240 mm. 

^cj|jLuAt cjUj& R26.12.2. 1 ( 3 ) 

(jlA iUjAjmll djjA AILm CyS^ iliJlji IjI 

^ .. jj (CjUjxll cjllji 

ji (jjiLui cjUi.4l ^ V. 

<»»*■" iy<i ■■•MjU*'! iS''i 

Jl>41 CiUilU jUla-Vl ASTM D3665 

(a)) 26.12.2.1 ^ (»jlU cAIa ^ I 

uLui^ Jjc, Jaj fLoll ^L4al Vj 19.1^1 j AxSJ Ja 

(3) jLa-41 uUu, ji Ja LiS "" 

|J| l^jLuaj ^ 3 ^ 110 d^lj aja Ja CjlLfr 

. ^ 240 Cy> 5Ja5Ull j\ jlJ^l 
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26.12.3 Acceptance criteria for standard-cured specimens 

COMMENTARY 

R26.12.3 Acceptance criteria for standard-cured specimens 

pLLUl 26.12.3 

R26.12.3 

26.12.3.1 Compliance requirements: (a) Specimens for acceptance 
tests shall be in accordance with (1) and (2): (1) Sampling of 
concrete for strength test specimens shall be in accordance with 
ASTM C172. 

(2) Cylinders for strength tests shall be made and standard-cured 
in accordance with ASTM C31 and tested in accordance with 
ASTM C39. 

(b) Strength level of a concrete mixture shall be acceptable if (1) 
and (2) are satisfied: 

(1) Every arithmetic average of any three consecutive strength 
tests equals or exeeeds fc'. 

(2) No strength test falls below fc' by more than 3.5 Mpa if fe' is 

35 Mpa or less; or by more than O.lOfc' if fc' exceeds 35 Mpa. 

R26. 12 . 3.1 Evaluation and acceptance of the concrete can be judged 
immediately, as test results are received during the course of the 
Work. Strength tests failing to meet these criteria will occur 
occasionally, with a probability of approximately once in 100 tests 
(ACl 214R) even though concrete strength and uniformity are 
satisfactory. Allowance should be made for such statistically 
expected variations in deciding whether the strength level being 
produced is adequate. The strength acceptance criteria of 
26.12.3.1(b) apply to test results from either 100 x 200 mm. or 150 x 
300 mm. test cylinders permitted in 26.12.1.1(a). The average 
difference (Carino et al. 1994) between test results obtained by the 
two specimen sizes is not considered to be significant in design 

jbii.'ill gjlli 1 jjill 4jLjijadl JjjSj jiJjSj R26.12.3.1 

rJliwVl CjUlku 26.12.3.1 

:( 2 ) j ( 1 ) ^2)1 4*^ (*) 

djill (jjSu 

ASTM C172. 

djlll ^ ( 2 )^ 4 ^( 2 ) 

ASTM C39. UjUiiljASTM C31 

:( 2 ) j ( 1 ) ^ AjL.uj^I (4^) 

(jl£ Ijji 3.5 cH fc ^ cH ^^(2) 

35 fc *J!fc ' 0.10 t> ji fc = 35 

j&V ^ V 45^1 djUl Cjljblixl J.4xll jM fUjl 

(jA ^ (ACI 214R) 100 Sj-* JLuxl ^ 4 

Jjj pUafrl ^ 

Ija.uLI .4 ^ jj'^\ djill ijjIltMA |J| 1.4 ^ AuxLUl 

X 150 ji 200 X 100 6 - ^Ui: ^ (b) 26.12.3.1 J 

iaA.ujl 4 jJJXi V (a). 26.12.1.1 J^^V 1 CiUljiaMil 200 

14 ^ ^ jL^Vl 0 ^^ (Carino et al. 1994) 

^ 44 a ^1 ^ \ A JAJ 

(c) If either of the requirements of 26.12.3.1(b) are not satisfied, 
steps shall be taken to increase the average of subsequent strength 
results 

R26.12.3.1(c) The steps taken to increase the average level of 
subsequent strength test results will depend on the particular 
circumstances but could include one or more of (a) through (g): 

(a) Increase in cementitious materials content; 

djLjI ( 26.12.3.1(b) ^iiiUlkld (jA j\ fLLilwdi ^ ^ Iji 

djill ioudjla 

(b) Reduction in or better control of water content; 

(c) Use of a water-reducing admixture to improve the dispersion of 
cementitious materials; 

(d) Other changes in mixture proportions; 

(d) Requirements for investigating low strength-test results shall 
apply if the requirements of 26.12.3.1(b)(2) are not met 

(e) Reduction in dehvery time; 

(f) Closer control of air content; 

pLLlyul ^ ^ IjI djill ^3^^ (J) 

26.12.3.1 (b)(2) 5>»h 

(g) Improvement in the quality of the testing, including strict 
compliance with ASTM C172, ASTM C31, and ASTM C39. 

CjIjUjxI Ixyu^^iAll Xojau R26.12.3.1(c) 

-(-j) (b ^ 5 .ixlj Q\ U^J AjjxaII uajjlall AlxiUl SjaII 

4 AjUamiVI J1j»aI1 (^) 

^ ^LaII ^JAX »4 ^ jl (JA AxJl ^4) 

4 AAilAyuVl ^LaII JIjjxI 

4 ^ (^) 

4 ^Jt) 

i ^ Cf- (j) 

j ASTM C172 JIjIaVI ^, 5 ^ Laj t jLaxVI (J) 

ASTM C39.JASTM C31 
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COMMENTARY 

Such changes in operating procedures or small changes in 
cementitious materials content or water content should not require a 
formal resubmission of mixture proportions; however, changes in 
sources of cement, aggregates, or admixtures need to be 
accompanied by evidence that the average strength level will be 
improved. 

^ CjIjjjuII ji ^ tJA Jl. Vi 

i iillj Ajauj dJlfl pLoll ^ ji A^uluVI ^ 

^ tliliUdVI j\ ‘ 1 tluAuVI jji tliljjjull 

.til* A 

26.12.4 Investigation of low strength-test results 

R26.12.4 Investigation of low strength-test results 

26.12.4 

4.4ai&4a (jAtalih R26.12.4 

26.12.4.1 Compliance requirements; 

: ijjUkl. 26.12.4.1 

R26.12.4.1 Requirements are provided if strength tests have failed to 
meet the specified acceptance criteria, specifically 26.12.3.1(b)(2) or 
26.5.3.2(e). These requirements are applicable only for evaluation of 
in place strength at the time of construction. Strength evaluation of 
existing structures is covered by Chapter 27. The building official 
should apply judgment as to the significance of low test results and 
whether they indicate need for concern. If further investigation is 
deemed necessary, such investigation may include in-place tests as 
described in ACI 228. IR or, in extreme cases, strength tests of cores 
taken from the structure. In-place tests of concrete, such as probe 
penetration (ASTM C803), rebound hammer (ASTM C805), or 
pullout test (ASTM C900), may be useful in determining whether a 
portion of the structure actually contains low-strength concrete. 
Unless these in-place tests have been correlated with standard 
strength test results for the concrete in the structure, they are of 
value primarily for comparisons within the same structure rather 
than as quantitative estimates of strength. For cores, if required, 
conservative acceptance criteria are provided that should ensure 
structural adequacy for virtually any type of construction (Bloem 
1965, 1968; Malhotra 1976, 1977). Lower strength may be tolerated 
under many circumstances, but this is a matter of judgment on the 
part of the licensed design professional and building official. If the 
strengths of cores obtained in accordance with 26.12.4.1(c) fail to 
comply with 26.12.4.1(d), it may be practicable, particularly in the 
case of floor or roof systems, for the building official to require a 
strength evaluation as described in Chapter 27. Short of a strength 
evaluation, if time and conditions permit, an effort may be made to 
improve the strength of the concrete in place by supplemental wet 
curing. Effectiveness of supplemental curing should be verified by 
further strength evaluation using procedures previously discussed. 
The Code, as stated, concerns itself with achieving structural safety, 
and the requirements for investigation of low strength-test results 
(26.12.4) are aimed at that objective. It is not the function of the 
Code to assign responsibility for strength deficiencies. 
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(a) If any strength test of standard-cured cylinders falls below fc' 
by more than the limit allowed for acceptance, or if tests of field- 
cured cylinders indicate deficiencies in protection and curing, 
steps shall be taken to ensure that structural adequacy of the 
structure is not jeopardized. 


^ fc A.udiLAl) diUljlauSU iji (jli |j| 

t-'l ajU. ..yt Aj 

(jjij (ji jlkjl ^ 

^ ig. 

(b) If the likelihood of low-strength concrete is confirmed and 
calculations indicate that structural adequacy is significantly 
reduced, tests of cores drilled from the area in question in 
accordance with ASTM C42 shall be permitted. In such cases, 
three cores shall be taken for each strength test that falls below fc' 
by more than the limit allowed for acceptance. 


t 9 JLa ^ ASTM C42. llsj <Lua,ah 

Aj J^tj f(; ' Jij djA 


COMMENTARY 


fliiludl ^ djill CiLia IjI iiiUlJaiAll j^jij ^R26.12.4.1 

Ma c.UkL*Il aJA (e). 26.5.3.2 ji (b) (2) 26.12.3.1 ‘ 

jsu^i dji 27 ^ ijfi 

Cuts IjI Laj Aj.aAi 

11a J.4WIJ (j^ 0^ .c3^^ 

‘ ji ACI 228.1R Aiual>4ll ^ jA US ^ UljUSil plj^j 

CjIjLS&I U*^ dJ^Ull djd i CjVUJI ^ 

(ASTM J»j2jV 1 . (ASTM C803) a-^» J»j^» ^>*11 

0^ »j !J ‘ (ASTM C900) ^U^Vl jl^l j\ ^C805) 
^ CjIjLS&VI d.iA ^ U .d.^1 ^LamjL ^JiC' UixS iSJ^^ 

iJS^I ^Lyuj^ djill jUl^t ^ 

4^,^} AjmuIL .djill ^UaS i^UuU^ (3^1 J CjUjIUII JjVl 

Cj^ A^IS^ ^liS JaSj cli^ ^ 

jWJ -^1977). ‘ Malhotra 1976-1968 ‘ (Bloem 19654d^ ui^LJuVl 

^ 6^ U^J Jj.^1 ^ djill ^ ^LmuII 

^ ^ djiil ialij Clul£ IjI 

(d) 26.^12.4.1 Sjiall ^ jaljli V (c) 26.12.4.1 J lisj 
JjjMba 4 Lilwill jl ^U2^i ^U ^ 4 Ulofr LX A A Ui% 

Clidal ^aam 1j 1 4djill ci^Ujj .27 ^Jaj.4 jA US ajd pUJl 

^Uuj^l dj£ QjMlxSi JL 4Lijj2^1j 

^ ^j.a ^ iAjU A<1U ^ -vtl* aU 4uL,aSS11 

^^kjj 6^ (j\l 4jjSa« jA USj .UjImi CiJii&jj CjjfljxVl djUl 

^Uaixloll djill ^ j-iW-ilt 4AaIS^I ^^Lyull 

Axji 4 -a^ *U4.u^ (26.12.4) 


R26.12.4.1(a) If the strength of field-cured cylinders does not 
conform to 26.5.3.2(e), steps need to be taken to improve the curing. 
If supplemental in-place tests confirm a possible deficiency in 
strength of concrete in the structure, core tests may be required to 
evaluate structural adequacy. 

‘ (e) 26.5.3.2 ^ V cn\jkJi\ IjI R26.12.4.1(a) 

U (_gA A^LuaVI UljUSxVl Ijj, A^UlaII jUjI 

4^Uul CjIjLSxI ^U iilUA ^cJ%^^ ij^ ^Uuj^l aji ^ 
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(c) Cores shall be obtained, moisture-conditioned by storage in 
watertight bags or containers, transported to the testing agency, 
and tested in accordance with ASTM C42. Cores shall be tested 
between 48 hours and 7 days after coring unless otherwise 
approved by the licensed design professional. The specifier of 
tests referenced in ASTM C42 shall be the licensed design 
professional or the building official. 

iJjljjU ji ^ ^jlaj ^ j»li (j) 

ASTM C42. llij t ^ ^LoU 

^ Jju 7 j 48 1-4 ^^^1 jl44^1 ^ 

^ ui^l^ fjiC' 

.(iU4l ji 'U jAASTM C42 


(d) Concrete in an area represented by core tests shall be 
considered structurally adequate if (1) and (2) are satisfied: (1) 
The average of three cores is equal to at least 85 pereent of fe'. (2) 
No single eore is less than 75 pereent of fe'. 

785 4 bjLuia Jjj (1) ;(2) J 

fc '.04 4jLallj 75 04 tS®i 4^*lj4 


COMMENTARY 

R26.12.4.1(c) The use of a water-cooled bit results in a core with a 
moisture gradient between the exterior surface and the interior. This 
gradient lowers the apparent compressive strength of the core 
(Bartlett and MacGregor 1994). The requirement of at least 48 hours 
between the time of coring and testing provides a minimum time for 
the moisture gradient to be reduced. The maximum time between 
coring and testing is intended to ensure timely testing of cores if 
strength of concrete is in question. Research (Bartlett and 
MacGregor 1994) has also shown that other moisture conditioning 
procedures, such as soaking or air drying, affect measured core 
strengths and result in conditions that are not representative of the 
in-place concrete. Therefore, to provide reproducible moisture 
conditions that are representative of in-place conditions, a standard 
moisture conditioning procedure that permits dissipation of moisture 
gradients is prescribed for cores. ASTM C42 permits the specifier of 
tests to modify the default duration of moisture conditioning before 
testing. 

J JjJJ ^ i-jla ^Lalb gib R26.12.4.1(c) 

sljiU i^jAUall JalkJa.iV) aji ija lift gtiml) 

ijAi 48 JSj V b> bil. i„Uab jajj(Bartlett and MacGregor 1994). 

ajS bul£ Ij| k^liall ^ (jbubl jbi^Vlj 

O' (Bartlett and MacGregor 1994) 4iUjSfl bij^i LaS .dO 

iallj i ‘ 4J4-V*: jt i ‘ 

jll 04 ‘ ^lil ^b^jaJi Jld V i_^\ 

• f IjaV' ‘ ‘‘•''J ^ ‘ ^Uxuapal) cijjlall Jlaj gl ■ .M' 

jbjL rt i ASTM C42 gAwi ga^u 

.jbiaV' ‘ A^daljiSVI a.l4ll JaJaia biljbiaVI 

R26.12.4.1(d) An average core strength of 85 percent of the 
specified strength is realistic (Bloem 1968). It is not realistic, 
however, to expect the average core strength to be equal to fc', 
because of differences in the size of specimens, conditions of 
obtaining specimens, degree of consohdation, and curing conditions. 
The acceptance criteria for core strengths have been established with 
consideration that cores for investigating low strength test results 
will typically be extracted at an age later than speeified for fc'. For 
the purpose of satisfying 26.12.4.1(d), this Code does not intend that 
core strengths be adjusted for the age of the cores. 


jtd&l (^) 
(1) f-l “j'- "I ^ 

V fc(2) 04 JaSn 
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(e) Additional testing of cores extracted from locations 
represented by erratic core strength results shall be permitted, (f) 
If criteria for evaluating structural adequacy based on core 
strength results are not met, and if the structural adequacy remains 
in doubt, the responsible authority shall be permitted to order a 
strength evaluation in accordance with Chapter 27 for the 
questionable portion of the structure or take other appropriate 
action. 

Allu 

djLu 

^ ^QaLiyiill .Tit t 

.j&I ji ^ ^ liljLwMil 27 

26.12.5 Acceptance of steel fiber-reinforced concrete 

ciUlSll A^XijiaII 26.12.5 

26.12.5.1 Compliance requirements; 

(a) Steel fiber-reinforced concrete used for shear resistance shall 
satisfy (1) through (3): 

(1) The compressive strength acceptance criteria for standard 
cured specimens 

(2) The residual strength obtained from flexural testing in 
accordance with ASTM C1609 at a midspan deflection of 1/300 
of the span length is at least the greater of (i) and (ii): 

(i) 90 percent of the measured first-peak strength obtained from a 
flexural test and 

(ii) 90 percent of the strength corresponding to (3) The 

residual strength obtained from flexural testing in accordance with 
ASTM C1609 at a midspan deflection of 1/150 of the span length 
is at least the greater of (i) and (ii); 

(i) 75 percent of the measured first-peak strength obtained from a 
flexural test and 

(ii) 75 percent of the strength corresponding to 

cjUkL,26.12.5.1 

:(3)c^i! (1) 

JalxJajVl 

ASTIVl ^ u-4 ^ AjIjIaII djill 

(i) JjSi JlJlaVl Jjla (> 300/1 LiljaJl ijftC1609 

(ii):j 

jUikl ju Lfu-ba j»j ^jSlI 5jjill 9ja (> ^ 90 (i) 

' j 

.J ^U.all 5 Jill (>» 40*11 ^ 90 (ii) 
Ale ASTM C1609-1 liJa (.L^IVI jLlil ^ AjIjIaII djill 
(ii):j (i) (> ^ JlJlaVl (>» 150/1 ajJfl 

^ ^ ajj^l dji ^ 4 J. 4 II ^75 ( 1 ) 

J fU^Vl 

J ajill i^lS (ii) 


COMMENTARY 

»j.,\A.*ll (j* ^loll ^ $5 laoijla jAlu (d)R26.12.4.1 

jjill iijji, <^ljll jjft (j* 4ji jA (Bloem 1968). 

cijjlaj (liLLall ^ t fc 41 UjU** AooiLuVI 

AouiLuiSfl SjaII Jaim A^lxoll uijjlaj J^jjll ^jJj tliUjxll 

4 .>ia-v l/ilt Sjill jlol^l ^1*1 ^ 4odl.^l i^jlll jUjcVI Cj^ ^ 

26.12.4.1 ol^jkl fc 4 44^-41 ^je j^lH* ^ * 1 ^ ka d4l£ 

,^^^1 j*al 4 h in lb Ap o L m Sfl lal41 Jj4aj 4^^1 l4ib ^ (d) 


R26.12.5 Acceptance of steel fiber-reinforced concrete 

^.L4aJl ciblSlI (jji 4^1ui*ll R26 .12.5 

R26.12.5.1 The performance criteria for the ASTM C1609M tests 
are based on results from flexural tests (Chen et al. 1995) conducted 
on steel fiber-reinforced concretes with fiber types and contents 
similar to those used in the tests of beams that served as the basis for 
9.6.3.1. The term “residual strength” is defined in ASTM C1609 and 
is related to the ability of cracked fiber-reinforced concrete to resist 
tension. The strength of 0.62Vr 

■ is consistent with the design 
modulus of rupture of the concrete provided by Eq. (19.2.3.1). 

^lil ASTM C1609M cjljbli.>ir (.bSll j*jU- 4li-4 R26.12.5.1 
i_iblb 4.aluu 4Jbjji (_jlc buj^i (Chcn Ct al. 1995) ^bilVl bitjbikl 

d^)*Sll bjljbj^l ^ 4*4 ^*um1| film 4^1.... t-ljjl-v I flljlt ^ 4 j4j4^ 

ASTM ”4jLi 41 Sjill" ^Ua^aoll Ljbj*j 9.6.3.1 J ^4alu**ll 

4411 ciblVb 4-v\..i..\t ^bjjj41l dj4^ ^^J^C1609 

, J 41 jla 1 | 4 JaAjj|^ ^ 4 L 4 | ( 33*1 -j( 3 *U* ^ Sja 

(19.2.3.1). 
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26.13—Inspection 

26.13.1 General 


26.13.1 


26.13.1.1 Concrete construction shall be inspected as required by 
the general building code. 

^ ujllxa jA LoS 26.13.1.1 


26.13.1.2 In the absence of general building code inspection 
requirements, concrete construction shall be inspected throughout 
the various Work stages by or under the supervision of a licensed 
design professional or by a qualified inspector in accordance with 
the provisions of this section. 

4 ■■'ll au*»26.13.1.2 


COMMENTARY 

R26.13—Inspection 


jiiAAtill R26.13- 


R26.13.1 General—The quahty of concrete structures depends 
largely on workmanship in construction. The best materials and 
design practices will not be effective unless construction is 
performed well. Inspection is necessary to verify that construction is 
in accordance with construction documents. Proper performance of 
the structure depends on construction that accurately represents the 
design and meets Code requirements 

uSn'l ijiC' Aaiiaj - ^t£R26.13.1 

btt” ^ ^ La ^bii iIiLujLuj jIj. 411 JJaSi 

pbVI Aajiu, ^ (2)^ Cy* 

iljUIiala Jlaj U 


R26.13.1.2 The licensed design professional responsible for the 
design is in the best position to determine if construction is in 
conformance with construction documents. However, if the licensed 
design professional responsible for the design is not retained, 
inspection of construction through other hcensed design 
professionals or through separate inspection organizations with 
demonstrated capability for performing the inspection may be used. 
Inspectors should establish their qualifications by becoming certified 
to inspect and record the results of concrete construction, including 
pre-placement, placement, and post-placement operations through 
the ACI Inspector Certification Program; Concrete Construction 
Special Inspector, or equivalent. When inspection is conducted 
independently of the licensed design professional responsible for the 
design, it is recommended that the licensed design professional 
responsible for the design oversee inspection and observe the Work 
to verify that the design requirements are properly executed. In some 
jurisdictions, legislation has established registration or licensing 
procedures for persons performing certain inspection functions. The 
general building code should be reviewed or the building official 
should be consulted to ascertain if any such requirements exist 
within a specific jurisdiction. Inspection reports should be 
distributed promptly to the owner, licensed design professional 
responsible for the design, contractor, appropriate subcontractors, 
appropriate suppliers, and the building official to allow timely 
identification of compliance or the need for corrective action. 
Inspection responsibility and the degree of inspection required 
should be set forth in the contracts between the owner, architect, 
engineer, contractor, and inspector. Adequate resources should be 
provided to properly perform and oversee the inspection. 
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26.13.1.3 The licensed design professional, a person under the 
supervision of a licensed design professional, or a qualified 
inspector shall verify comphance with construction documents. 

Lit j\ i '■'jninM) jjji i_i^ 26.13.1.3 

_ JljldVl ^ * j 


COMMENTARY 

JJaSi ^ (jft Jjij-udl jjoAuiill ^ R26.13.1.2 

^ .it 

dj^ ^ ji ^ 

0^ (jj-■U"^''*''" ^.^.ualj 

CjUIa^ iilij ^ L4J pU^I ^Lu (^±ajXM 

ACl Inspector J^Li. (> Lji-lll j*j LiiUajllj 

^ Lajjc .'djUj La ji i^LjijaJl o^^^'Ccrtification: 

Q\j Ijfi- 

JaxII ^0.4.^1111 

^baj .iyil ■t.ia'l ^LUAdAh cjUllala 

,Aaj9La ^jajIsj ^^..a jl Jj-v. .i'<U 

aJA tIuLS |j| Laa j£Ia 11 ^Ubl ji ^bdl A«^lj.a i_a^ 

jjjUj ^ajJA .U:^ ^j.aAAa CjUIIalAll 

JjJ^ajaaII iiiULAll ^1 

A* ith pubi JjJ^ajaAJ (^^JAmHaII “* *'''^ Cj^ OaIjl^.Allj 

^.aaJi i_a^ ,jj3i.jAd^ i^\ ji k^LiAh biS^I ^ ^IJ^I 

^jl..ax.all iillLAll ^ ^jt.j'^a'^U 4^jJj ^j^aaAaII 

Liija^yij Ui£ii jjij.ah u"'*^ ‘'"j 


R26.13.1.3 By inspection, the Code does not mean that the inspector 
should supervise the construction. Rather, it means that the 
individual employed for inspection should visit the project with the 
frequency necessary to observe the various stages of Work and 
ascertain that it is being done in compliance with construction 
documents. The frequency of inspections should be sufficient to 
provide general knowledge of each operation. Inspection does not 
relieve the contractor from the obligation to follow the construction 
documents and to provide the designated quality and quantity of 
materials and workmanship for all stages of work. The Code 
prescribes minimum requirements for inspection of all structures 
within its scope. It is not a construction specification and any user of 
the Code may require higher standards of inspection than cited in the 
general building code if additional requirements are necessary. 
Recommended procedures for organization and conduct of concrete 
inspection are given in ACI 311.4R, “Guide for Concrete 
Inspection”. This document serves as a guide to owners, architects, 
and engineers in planning an inspection program. Detailed methods 
for inspecting concrete construction are given in ACI SP-2, “Manual 
of Concrete Inspection” reported by ACI Committee 311. This 
document describes methods of inspecting concrete construction that 
are generally accepted as good practice and is intended as a 
supplement to specifications and as a guide in matters not covered 
by specifications. 


(Jj .fUbl LijJu (jiiiAll jjSll fjjiu V i u5jj*1!IjR26.13.1.3 

d^lj.4 ‘ djbj jt.jiflin Jaxj (^1 

jtj£j ^ ^ dJAijj ^ 4JI (jM i£UIIj JajlII 

^ V ,Aa1a& (J£j ^jXA b£l£ jbla'lU 

^ JI^^aU ^ ^ a\t 4 jaS\1j 

^ d£b^l ^ A A ijlC’ (jkuiAll ^jSh bibUxiA ijlC’ ,J.aabl ja 

(J^AAij J^Ua ^ . <4*. . 1 .. j\ ^baA jkj fbj biLLidl^ bujulj 

^Uacl yh .A^jjba Ulbal dibllalA lilbA bul£ bl fbbi JjS ^ jjSXaII ijm 

tyj" ‘ ACI 311.4R<,^ ^bAjadl ^^aaai 'A - iku l ^^jaII 

^jjjjL A aL A ll ■■ ..Uj iil^tAlI Jbj ^Ia.u dAA 

fbbi jja * < ^a*< ^ .1 ^ 

4jfr ^ ‘ ACI SP-2(^ 
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26.13.1.4 For continuous construction inspection of special 
moment frames, qualified inspectors under the supervision of the 
licensed design professional responsible for the structural design 
or under the supervision of a hcensed design professional with 
demonstrated capability to supervise inspection of these elements 
shall inspect placement of reinforcement and concrete. 

R26.13.1.4 The purpose of this requirement is to verify that the 
detailing required in special moment frames is properly executed 
through inspection by personnel who are qualified to inspect these 
elements. Qualifications of inspectors should be acceptable to the 
jurisdiction enforcing the general building code. 

jlai ^ ^j.UaAl) ija (jiajll jA Lj.ill iJA (j. (jijilt R26 .13.1.4 

jLV ^ 26.13.1.4 

(jiLji i jA^Uxll dlib 

4J;^ja11 ^ ^ Ua^Hj ^ 4,a^1^1 CdUa^l 

^jAwilftAll U>^ Ci^ 4*^. dAlt ^a11 

.^Uil fUJl (j^li ^LJaill 

26.13.2 Inspection reports 

26.13.2 

R26.13.2 Inspection reports 

cAjiiill jijl^R26.13.2 

26.13.2.1 Inspection reports shall document inspected items and 
be developed throughout each construction Work stage by the 
licensed design professional, person under the supervision of a 
licensed design professional, or qualified inspector. Records of 
the inspection shall be preserved by the party performing the 
inspection for at least 2 years after completion of the project. 

R26.13.2.1 A record of inspection is required in case questions 
subsequently arise concerning the performance or safety of the 
structure or members. Photographs documenting construction 
progress are also desirable. The general building code or other legal 
requirements may require a longer than 2 years of preservation of 
such records. 

u."'j (»% 6' 26-13-2-1 

j\ j-dl jijmn'i') ijji ^ JaxII ja ja ijA j.a JS 

‘ 4 j ^ * j -‘ ‘ “ 

(j.a ^ ciji.ll j.a jt.jiaitt 

ji pIaL Aliyui (_g^ ujAlxa R26.13.2.1 

Afi, Uiaji ^ pUJl ^AAj ^^1 ^Ij&jJjill jj.^1, pLua&Sfl jl 

JaLi^l ^ (j-4 ^jjUll CdUllal4ll ji ^Uil fU^l 

* nil dAib 

26.13.2.2 Inspection reports shall document (a) through (d): 

(a) General progress of the Work. 

(b) Any significant construction loadings on completed floors, 
members, or walls. 

(c) The date and time of mixing, quantity, proportions of materials 
used, approximate placement location in the structure, and results 
of tests for fresh and hardened concrete properties for all concrete 
mixtures used in the Work. 


■(■^) (*) 0* 4*^26-13-2-2 

,(J.a9LlI ^UJl 

uiuuj Jal^l (^) 

CiUal^l 4J_yuj^| 

R26.13.2.2(d) The term “ambient temperature” means the 

(d) Concrete temperatures and protection given to concrete 
during placement and curing when the ambient temperature falls 
below 4°C or rises above 35°C. 

temperature of the environment to which the concrete is directly 
exposed. Concrete temperature as used in this section may be taken 
as the surface temperature of the concrete. Surface temperatures 
may be determined by placing temperature sensors in contact with 

A -v tu ^ \1 J uu.yimll ^Lyuj^II 4^^^14,411 ^Lyujlil djl^^ illl^jA ^A^ 

4 0^ ^Joi^aII djlj^l 4 ^jA LaAlC- 

JujiA 4ajA 35 

concrete surfaces or between concrete surfaces and covers used for 
curing, such as insulation blankets or plastic sheeting. 

5jlj^ Jajj "4JajAiA,l) 5jl J.J1 ^jJ" R26.13.2.2(d) 

lAA ^ 4_4j^l4AAil AjLwjj^I djlj^ O^-^. dj^y^ AJLuj^l ^jlajiu 

^ i i.vl.1. ii't ijlj^l (jLu ^Luj^l Sjlj^ ^jJ 

ji ^Lyuj^l ^ia^ui ^ JL^I (jk djlj^l ^jA jUMiunl dj^i 

A^ia&Sfl ji ^jbdl CiUjUaJl Jla ,A-vlU ^ ^A^IumII 4_Ja&Vlj ^Lyuj^l ^iayuVl 
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26.13.2.3 Test reports shall be reviewed to verify compliance with 
20.2.2.5 if ASTM A615 deformed reinforcement is used to resist 
earthquake-induced flexure, axial forces, or both in special 
moment frames, special structural walls, and components of 
special structural walls including coupling beams and wall piers 


20.2.2.5 ^ 26.13.2.3 

jiAUIl ji oJ^^^ASTM A615 

CiljUal ^ j| JjVJll 

jl^^l filij ^ Loj A^U^Vl 


26.13.3 Items requiring inspection 

R26.13.3 Items requiring inspection 

oijiiih u*lk2 yiUi jjLli 26.13.3 

olmiih R26.13.3 

26.13.3.1 Unless otherwise specified in the general building code, 
items requiring verification and inspection shall be continuously 
or periodically inspected in accordance with 26.13.3.2 and 
26.13.3.3. 

R26.13.3.1 Table 1705 in Chapter 17 of the 2012 IBC was used to 
determine which items of Work require continuous or periodic 
inspection. 

^ liUj ui5l^ ^ ^ 26.13.3.1 

J 26.13.3.2 -1 i^JjJ ji U-jikihj Jiaill Uilku 

.26.13.^3 

jjL 2012 IBC 6-17 J-aill ^ 1705 R26.13.3.1 

.LjjJ jl IjaLaua * ■ 

26.13.3.2 Items requiring continuous inspection shall include (a) 
through (d): (a) Placement of concrete, (b) Tensioning of 
prestressing steel and grouting of bonded tendons, (c) Installation 
of adhesive anchors in horizontal or upwardly inclined 
orientations to resist sustained tension loads in accordance with 
17.8.2.4 and where required as a condition of the anchor 
assessment in accordance with ACI 355.4. (d) Reinforcement for 
special moment frames. 


;(j) k-iiUaTui J.a1 ^ 26-13-3-2 

_ 

JLa^I ji A^i ^ AA^V (^) 

ACI 355.4.-1 Uaj ^ 17.8.2.4 Sjiill Usj 

.A.^1^ AJa^ ^Ayuj 


26.13.3.3 Items requiring periodic inspection shall include (a) 
through (g); 

(a) Placement of reinforcement, embedments, and posttensioning 
tendons. 

(b) Curing method and duration of curing for each member. 

(c) Construction and removal of forms and reshoring. 


;(j) JiU (i) ^ UjjJ u^aai uilkjj q\ 26-13-3-3 

Jftj La CjUajljAllj ()) 

A.^IjlaI| dXaj A^LlaII 
, 14 *^ jj pLL (^) 
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(d) Sequence of erection and connection of precast members. 

f-1 Jt ii\* in 

(e) Verification of in-place concrete strength before stressing 
post-tensioned reinforcement and before removal of shores and 
formwork from beams and structural slabs. 

(f) Installation of cast-in anchors, expansion anchors, and 
undercut anchors in accordance with 17.8.2. 

1*^1 La .|1 ^ ^LwJJ^I dji ^ 

^ LaI Aaaajjj ^ iliLmA 

.17.8.2 Sjiill 

(g) Installation of adhesive anchors where continuous inspection 
is not required in accordance with 17.8.2.4 or as a condition of the 
assessment in accordance with ACI 355.4. 

L^^Iixa ^)Al 4 jaAil V LaAa& (j) 

ACI 355.4-1 Uaj ji 17.8.2.4 


COMMENTARY 

R26.13.3.3(d) Some jurisdictions may require continuous inspection 
of sequence of erection and connection of precast members, and also 
may require inspection of the shoring, bracing, or other temporary 
measures. 

Jiii'iin JAJJMA (jtfj'ii'i A^l iba') tlibVjll I.tlbn R26.13.3.3(d) 

j^IJj ji (liLalfAll Lbui 4 ol fL4a&i 

.(iji i ^>1 


R26.13.3.3(g) Inspection requirements for adhesive anchors are 
derived from three sources: a) the general building code, which 
requires periodic inspection for anchors in concrete; b) the 
assessment and qualification of the anchor under the provisions of 
ACI 355.4, which may require either periodic inspection or 
continuous inspection with proof loading depending on the strength 
reduction factors assigned to the anchor; and c) the requirements of 
17.8, which mandate continuous inspection for anchors that resist 
sustained tension loads in specific orientations 

t-1 ALil a R26.13.3.3(g) 

^ ^U4| (i) 

4 ACI 355.4^Ll.^l^^l (u) 

ijill bLoA&l CjbjVI ^ jaIuiaII j\ 

‘ A ..'t 

aAII JLa^I jaIwiaII crlllj ^17.8 iblAUala (^) 

SjAaa (IiIAIaaI ^ ^IAauiaII 
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CHAPTER 27—STRENGTH EVALUATION OF EXISTING 
STRUCTURES 


27.1—Scope 


OJ^^I JSUAil 6^1 - 27 Jioyi 


JMI 27.1— 


27.1.1 Provisions of this chapter shall apply to strength evaluation 
of existing structures by analytical means or by load testing 

J£U^I dji 27-1-1 

jb^b jl 


27.2—General 


,»U|27.2 

27.2.1 If there is doubt that a part or all of a structure meets the 
safety requirements of this Code and the structure is to remain in 
service, a strength evaluation shall be carried out as required by 
the hcensed design professional or building official. 


JjSll L.5iLJl iiiblklu Ju JS ji o' oli 'j! 27 . 2.1 

Jjjxjia 0*^ jA LoS ^ ^ 


27.2.2 If the effect of a strength deficiency is well understood and 
it is practical to measure the dimensions and determine the 
material properties of the members required for analysis, an 
analytical evaluation of strength based on this information is 
permitted. Required data shall be determined in accordance with 
27.3. 

JluVl (_Hb£ fjMj baj^.La SjHI '^127.2.2 

.27.3 ^ ^(liUb^l biba^jlxAh 9 


COMMENTARY 

R27—STRENGTH EVALUATION OF 
EXISTING STRUCTURES 


R27.1—Scope 


OJ^^I JSLiUJ 6^1 |g^^R27 - 


JM' R27.1— 


R27.1.1 Provisions of this chapter may be used to evaluate whether 
a structure or a portion of a structure satisfies the safety 
requirements of the Code. A strength evaluation may be required if 
the materials are considered to be deficient in quahty, if there is 
evidence indicating faulty construction, if a building will be used for 
a new function, or if, for any reason, a structure or a portion of it 
does not appear to satisfy the requirements of the Code. In such 
cases, this chapter provides guidance for investigating the safety of 
the structure. This chapter does not cover load testing for the 
approval of new design or construction methods. Acceptance of 
alternative materials or systems is covered in 1.10. 

^j.4 '^! 111 R27.1.1 

jjjxj bul£ |j| La^bjih tlibllalAj 

..'1 u^\ d^J lilbA ij\S |j| ^ <bid2b 

jAd ',V‘ “ ji id%^ o'^ '^! j' 

^ tlibb^jl d^^' d^ 1 ^. bibllala ‘bjUl 

ji ^Jjla jb^l d**^ d^JC 

.1.10 ji JIjaII dj^ fh. fb^VI 


R27.2—General 


^UllR27.2 

R27.2.1 If a load test is described as part of the strength evaluation 
process, it is desirable for all parties to agree on the region to be 
loaded, the magnitude of the load, the load test procedure, and 
acceptance criteria before any load tests are conducted. If the safety 
concerns are related to an assemblage of members or an entire 
structure, it is not feasible to load test every member and section. In 
such cases, it is appropriate that an investigation plan be developed 
to address the specific safety concerns. 


b>uiaJlui.dl i Sjlll <bI>C (j.a ' “ ''J 'j! R27.2.1 

jbj^l i <LaW*^U ciljIsSfl 

AaIaIaII IjI. CjIjUu&I ^ 

ji pLSaC’l 

A^lxol ^ 3 ^^^ ui4.ullall ^ 


R27.2.2 Strength considerations related to axial load, flexure, and 
combined axial load and flexure are well understood. There are 
reliable theories relating strength and shortterm displacement to load 
in terms of member dimensional and material data. To determine the 
strength of the structure by analysis, calculations should be based on 
data gathered on the actual dimensions of the structure, properties of 
the materials in place, and all pertinent details 

i i ^>4^R27-2-2 

iilUA, 

i J a Cfi" fbJa&bU Cy* 

' AullLftll jljuSh ^ CjIjL. 11^1 .ijlyiu 

4 dJ, 3 ^. 3 All 
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27.2.3 If the effect of a strength deficiency is not well understood 
or it is not practical to measure the dimensions and determine the 
material properties of the members required for analysis, a load 
test is required in accordance with 27.4. 

jbuVl ^ ** 0% lj! 27.2.3 

.27.4 


27.2.4 If uncertainty about the strength of part or all of a structure 
involves deterioration, and if the observed response during the 
load test satisfies the acceptance criteria in 27.4.5, the structure or 
part of the structure is permitted to remain in service for a time 
period specified by the licensed design professional. If deemed 
necessary by the licensed design professional, periodic re 
evaluations shall be conducted. 

ijlj i tS^ 0'^ C}^ 27.2.4 

1 27.4.5 (iul£ 

uijj^ Sjji ^ JlL ^ ji 

Cjjjj&I IjI, 



COMMENTARY 

R27.2.3 If the shear or bond strength of a member is critical in 
relation to the doubt expressed about safety, a test may be the most 
efficient solution to eliminate or confirm the doubt. A test may also 
be appropriate if it is not feasible to determine the material and 
dimensional properties required for analysis, even if the cause of the 
concern relates to flexure or axial load. Wherever possible and 
appropriate, the results of the load test should be supported by 
analysis. 

uljcVI ^ ^ jit (5i nU 4 ji iii'lj 4jaj|jll Sji ji |j! R27.2.3 

ji 4^ ‘ 4.jc 

Ajjlixdl JbuVIj ija ^ bj LSaj\ l^LLa 

fillj jI Ul 

jb^l djAjjlldj 

R27.2.4 For a deteriorating structure, acceptance provided by the 
load test is, by necessity, limited in terms of future service hfe. In 
such cases, a periodic inspection program is useful. A program that 
involves physical tests and periodic inspection can justify a longer 
period in service. Another option for maintaining the structure in 
service, while the periodic inspection program continues, is to limit 
the live load to a level determined to be appropriate. The length of 
the specified time period between inspections should be based on 
consideration of: a) the nature of the deterioration; b) environmental 
and load effects; c) service history of the structure; and d) scope of 
the periodic inspection program. At the end of a specified time 
period, further strength evaluation is required if the structure is to 
remain in service. With the agreement of all concerned parties, 
procedures may be devised for periodic testing that do not 
necessarily conform to the loading and acceptance criteria specified 
within this chapter. 

t ^ Uj^ ‘ A-ujUilb R27.2.4 

sJA Jla fji .w.'.'*'' ^ bjJA.4 1 

^Ujj 

^ jii jUi ^ Jjlai »JJS JJJJ O' 

jj j.aluu 09^ 

0 ^ djl^l J. 9 I 3 “j o' .l^Lla 0.9%! 

‘ jbVl (u ‘ jjAHil 4ju^ jl^l 

^Lual ^'j^! ^3^ ^Ujj ^Uaj 

0^^ LjljiaStl ^ " 0'^ 

J,99^lj ^ djjjOalL V bj|jljA^5U 

.jAfliJl lj* 
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27.3—Analytical strength evaluation 

I 0^^^ I iQh^^U 2 'y 3 ~ 

27.3.1 Verification of as-built condition 

^ 27.3.1 

27.3.1.1 Dimensions of members shall be established at critical 
sections. 

. ,il. ...y't ^ fUdCVI jlui ^ 27.3.1.1 


27.3.1.2 Locations and sizes of reinforcement shall be determined 
by measurement. It shall be permitted to base reinforcement 
locations on available drawings if field verified at representative 
locations to confirm the information on the drawings. 

Q\ 27-3-1-2 


27.3.1.3 If required, an estimated equivalent fe' shall be based on 
analysis of results of cylinder tests from the original construction 
or tests of cores removed from the part of the structure where 
strength is in question. 

Jjiaj Ijk: JjbLall fc ijjij (j' 4*^ ‘ 27.3.1.3 

CiAj (j.4 tliUljlauVI ej| 

CxS^ \t p^ 


COMMENTARY 

R27.3—Analytical strength evaluation 

UfJ^I 6^1 R27.3 - 

R27.3.1 Verification of as-built condition 

4^1 jAaoll R27.3.1 

R27.3.1.1 Critical sections for different load effects, such as 
moment, shear force, and axial force, are locations where stresses 
caused by such effects reach their maximum value and as further 
defined for various member types in the Code. Additionally, critical 
sections may be defined by specific conditions in the structure being 
evaluated. For example, deterioration could define a critical section. 

t ‘ ‘ CjIj^UU R27.3.1.1 

9JA AaJUII iayuial\ ^ i 

iiiUj ^ 

^..u^ ^ lajjM ^ 

jjAmi iJl^l 

R27.3.1.2 If investigating individual members, the amount, size, 
arrangement, and location of reinforcement designed to resist 
applied load should be determined at the critical sections. 
Nondestructive investigation methods are generally acceptable. In 
large structures, determination of these data for approximately 5 
percent of the reinforcement in each critical region may suffice if 
these measurements confirm the data provided in the available 
drawings. 

cmjjj jiji.4 jjjm 1 'bfri ^ ^ R27.3.1.2 

^k..U d.ami 

^ ^JAall iliUimi tliLuUlII sJA diJSi |j| UsLS 4jiala ^ ^jimi ija 

R27.3.1.3 ACI Committee 214 has developed two methods for 
determining an equivalent fc' from cores taken from an existing 
structure. These methods are described in ACI 214.4R and rely on 
statistical analysis techniques. The procedures described are only 
appropriate where the determination of an equivalent fc' is necessary 
for the strength evaluation of an existing structure and should not be 
used to investigate low cylinder strength test results in new 
construction, which is considered in 26.12.4. The number of core 
tests may depend on the size of the structure and the sensitivity of 
structural safety to concrete strength. Guidance on estimating 
equivalent fc' from original cylinder data ean be found in Bartlett 
(2012). In cases where the potential deficiency involves flexure 
only, investigation of concrete strength can be minimal for a lightly 
reinforced section (pfy/fc' < 0.15 for rectangular section). 
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27.3.1.4 The method for obtaining and testing cores shall be in 
accordance with ASTM C42. 

0^ 27-3-1-4 

ASTM C42. 


27.3.1.5 The properties of reinforcement are permitted to be based 
on tensile tests of representative samples of the material in the 
structure. 

i-.l . j * U ^>-<1 ' ^ fl * in 27 - 3 - 1 -S 

- ^ dJL4ll AlLoiAil 

27.3.2 Strength reduction factors 

Sjill 27.3.2 

27.3.2.1 If dimensions, size, and location of reinforcement, and 
material properties are determined in accordance with 27.3.1, it is 
permitted to increase (|) from the design values elsewhere in this 
Code; however, (|) shall not exceed the limits in Table 27.3.2.1. 

J USj tJLdI ,,'U j»2 lj! 27.3.2.1 

‘ ^ ^ -tjuin'') ^ ^ (|) 1 27.3.1 

.27.3.2.1 sJjljll JjJaJl (|) Vi 1 liUj j-ij 

Table 27.3.2.1—Maximum permissible strength reduction factors 

^.J Sjlll - 27.3.2.1 


Strength 

Classification 

Transverse 

reinforcement 

Maximum 

permissible 

Flexure, axial, 
or both 

Tension controlled 

All cases 

1.0 

Compression 

controlled 

Spirals'’' 

0.9 

Other 

0.8 

Shear, torsion, 
or both 



0.8 

Bearing 



0.8 


[l]Spirals shall satisfy 10.7.6.3, 20.2.2, and 25.7.3. 


25.7.3 j 20.2.2 j 10.7.6.3 O' ^^[l] 


COMMENTARY 

La (jjjLjia 214 'LaluSlb ^-'I CjjjiaK27.3.1.3 

ACI 214.4R (jjlall »j*. 0^ 5 jjiiLall jjll 0-* fc ' 

1,4.^ la^ <Laj^ ^a.aaj.al) Xajajj 

dji -jjalt fc 0j% 

ajUjCl ^ <1 ,>ia-^;A'l Sji ^ja-^'" 

4ji III I ii-^j Aj.uiLuiSfl tliljUj^VI Aajxj J£, 26.12.4 

cjLjUj ^ f(; Ji.9^ cjbLOjI 0^-^. djil It 

Jaia-all (jaailll QjSj ^1 Cj^taJl Baitlctt (2012). AjLaVI JjljkuiVI 

^lalal ilLUa AjLuj^l tjS ^ ^ja-v'lt QjSj ^1 iJaiS ,,5^1 

).J jb1 .i ia' l ^laLall (pfy/fc' < 0.15 51^ 


R27.3.1.5 The number of tests required depends on the uniformity of 
the material within the structure and should be determined by the 
licensed design professional responsible for the evaluation. 

aJLall ^LujI ^j.Uaall diljbj^VI Xuxj R27.3.1.5 

--jjall* JjJjyaAll 

R27.3.2 Strength reduction factors 

Sjill J-'jftR27.3.2 

R27.3.2.1 The strength reduction factors are larger than those 
defined in Chapter 21. These increased values are justified by the 
use of field-obtained material properties and actual in-place 
dimensions. 
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27.4—Strength evaluation by load test 

jU^I |>s 6^1 (01^27.4 - 

27.4.1 General 

27.4.1 

R27.4—Strength evaluation by load test 

jU^I 4k«il^ 6^1 |g^^R27.4 - 

27.4.1.1 Lx)ad tests shall be conducted in a manner that provides 
for safety of life and the structure during the test. 


^Uj{ AoIJl 27-4-1-1 


27.4.1.2 Safety measures shall not interfere with the load test or 
affect the results. 


jj^ ji ^ Cilpl jaI JilJjj Vi 27.4.1.2 


27.4.1.3 The portion of the structure subject to the test load shall 
be at least 56 days old. If the owner of the structure, the 
contractor, the licensed design professional, and all other involved 
parties agree, it shall be permitted to perform the load test at an 
earher age. 


iJl, Lajj 56 0^ 27.4.1.3 

Ajj9laI| ciljiaSl'l iillLa 

jaC- ^ J.4^1 9'\J^\ 


27.4.1.4 A precast member to be made composite with cast-in- 
place concrete shall be permitted to be tested in flexure as a 
precast member alone in accordance with (a) and (b); (a) Test 
loads shall be applied only when calculations indicate the isolated 
precast member will not fail by compression or buckling, (b) The 
test load, when applied to the precast member alone, shall induce 
the same total force in the tensile reinforcement as would be 
produced by loading the composite member with the test load in 
accordance with 27.4.2. 


^Lyuj^l ^ ^ 27-4-1-4 

^ ^Lyu j.uax£ ^ 

j.uaxll ^Lyu^l CjUUxII La.^ V| jb^Vl jLo^i V (1) 

jl JaLiilL 

d,3^l 

27.4.2 ^ cJ*^ ^ 

R27.4.2 Test load arrangement and load factors 

27.4.2 Test load arrangement and load factors 

J.4^1 J^^^27-4-2 

J.4^1 J.4ljL4J 27-4-2 

R27.4.2.1 It is important to apply the load at locations so the effects 
on the suspected deficiency are a maximum and sharing of the 

27.4.2.1 Test load arrangements shall be selected to maximize the 
deflection, load effects, and stresses in the critical regions of the 
members being evaluated. 

applied load with unloaded members is minimized. In cases where it 
is shown by analysis that adjoining unloaded members will help 
carry some of the load, the test load should be adjusted to ensure 
sufficient forces act on the critical region of the members being 

djA^I ^ 27-4-2-1 

evaluated. 
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27.4.2.2 The total test load Tt, including dead load already in 
place, shall be at least the greatest of (a), (b), and (c): 

^1^>aI| ^ Ja^I ^ R27.4.2.1 

, fLua&Sfl ^ ^^JaA^l Ja^I ^ Aj 

^ * njni ^jjI^aII <,5^^ 

^1,^1 cjljill J,4& jbH&Vl ^>A& 4^ (^ja^I Ja& 

^ fLia&bU 

^ i_Aj 4 'PI' J.a^l 4^27.4.2.2 

; (^) j (u) j (i) ^ JflVl ^ t S 


(a) Tt = 1.15D + 1.5L + 0.4(Lr or S or R) (27.4.2.2a) (b) Tt 

= 1.15D + 0.9L + 1.5(Lr or S or R) (27.4.2.2b) (c) Tt = 1.3D 

(27.4.2.2c) 


27.4.2.3 It is permitted to reduce L in 27.4.2.2 in accordance with 
the general building code. 

R27.4.2.3 The live load L may be reduced as permitted by the 
general building code governing safety considerations for the 

(lUJl jjSl Uaj 27.4.2.2L 27-4-2-3 

structure. The test load should be increased to compensate for 
resistance provided by unloaded portions of the structure in 
question. The increase in test load is determined from analysis of the 
loading conditions in relation to the selected pass/fail criterion for 
the test. 

27.4.2.4 The load factor on the live load L in 27.4.2.2(b) shall be 
permitted to be reduced to 0.45 except for parking structures, 
areas occupied as places of public assembly, or areas where L is 
greater than 4.8 KN/m2. 

^Uil Aj j^\ Ja^I (jIaj R27.4.2.3 

J.1^a 1| jl^^LAJ Ia^ JjA&lll U*^ J^^Vl ^.>A^ 

(b) 27.4.2.2 ^ L ^Jc■ J-lft 27-4-2-4 

jl CiIjLmiII i.^1^ f>Luludlj 0,45 

4.8 KN/m2. u-> L CiJ^ (jIaUall ji j»Ull 


27.4.3 Test load application 

jUjiVl (jjjlaj27.4.3 


27.4.3.1 Total test load Tt shall be applied in at least four 
approximately equal increments. 

R27.4.3 Test load application 

jUiLVl J-a. (iukiR27.4.3 

.Javi 

R27.4.3.1 Inspecting the area of the structure subject to test loading 
for signs of distress after each load increment is advisable (refer to 
R27.4.5.1). 

diLa^Ul d■*•*■'*' 't <1 al.it.' j‘ "-'t /jm R27.4.3.1 

(R27.4.5.1.t^! )t>^' J 

27.4.3.2 Uniform Tt shall be applied in a manner that ensures 
uniform distribution of the load transmitted to the structure or 
portion of the structure being tested. Arching of the test load shall 
be avoided. 

R27.4.3.2 Arching refers to the tendency for the load to be 
transmitted nonuniformly to the flexural member being tested. For 
example, if a slab is loaded by a uniform arrangement of bricks, 
arching of bricks in contact would result in reduction of the load on 

QAjjau Tt (_3;-V^ 4^^ 27.4.3.2 

the slab near the midspan of the slab. 

djlaUla Ja^I R27.4.3.2 

44^J>4^ ^ |j| (JIaaII ^ 

aJs^LII /dc- iJa^I /Jl ^ vu-a^toll ^ vu ntS tuddl 
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27.4.3.3 After the final load increment is applied, Tt shall remain 
on the structure for at least 24 hours unless signs of distress, as 
noted in 27.4.5, are observed. 


24 SjaI ij^ Tt ‘ ^ SjUJII jsj 27-4-3-3 

,27.4.5 ^ dl^l i ^Lyu 


27.4.3.4 After all response measurements are recorded, the test 
load shall be removed as soon as practical. 


Ujfii ^ ^U! ^ ^l^lyuVI ^LyuLfi 27-4-3-4 

,Jla£> dkj 


27.4.4 Response measurements 

cjLjUa27.4.4 


27.4.4.1 Response measurements, such as deflection, strain, slip, 
and crack width, shall be made at locations where maximum 
response is expected. Additional measurements shall be made if 
required. 


i i J i ^ ^l^lyuVl CjLyubi plj^l ^ 27-4-4-1 

j^Sfl UUual CjLyiLfl 


27.4.4.2 The initial value for all applicable response 
measurements shall be obtained not more than 1 hour before 
applying the first load increment. 


^l^lyuVI illLyul^ 4.4^1 ^jlC' 27.4.4.2 

,SJaIj ^Lyu JjJj Vi 


27.4.4.3 A set of response measurements shall be recorded after 
each load increment is applied and after Tt has been applied on 
the structure for at least 24 hours. 


^ ^l^lyuVl tljLyiLfl ^ 27.4.4.3 

.JfiVI ^Lyu 24 Tt 


27.4.4.4 A set of final response measurements shall be made 24 
hours after Tt is removed. 


^Lyu 24 ^ ^i^iyuVI CjI * itlj^ ^ 27.4.4.4 

Tt.^U! 



769 










CODE 


27.4.5 Acceptance criteria 


jA!i*-«27.4.5 


27.4.5.1 The portion of the structure tested shall show no spalling 
or crushing of concrete, or other evidence of failure 


ji-iSj ji i^\ Sjbjil j»J (>> j^Jaj V 27.4.5.1 

j\ ji ^Uji 


27.4.5.2 Members tested shall not exhibit cracks indicating 
imminent shear failure. 

^^ ^LuacSlI V 27.4.5.2 


COMMENTARY 


R27.4.5 Acceptance criteria 


Jiilju, R27.4.5 


R27.4.5.1 Evidence of failure includes distress (cracking, spalling, 
or deflection) of such magnitude and extent that the observed result 
is obviously excessive and incompatible with the safety 
requirements of the structure. No simple rules have been developed 
for application to all types of structures and conditions. If sufficient 
damage has occurred so that the structure is considered to have 
failed that test, retesting is not permitted because it is considered 
that damaged members should not be put into service even at a 
lower load rating. Local spalling or flaking of the compressed 
concrete in flexural members related to casting imperfections need 
not indicate overall structural distress. Crack widths are good 
indicators of the state of the structure and should be observed to help 
determine whether the structural strength and behavior are 
satisfactory. However, accurate prediction or measurement of crack 
widths in structural concrete members is not likely to be achieved 
under field conditions. It is advisable to establish criteria before the 
test relative to the types of cracks anticipated; where the cracks will 
be measured; how they will be measured; and approximate limits or 
criteria to evaluate new cracks or hmits for the changes in crack 
width. 


AIjVI R27.4.5.1 

^4alj 
^ ji 

^Ura&Sf) ^4aj V 4Ji JJJHJ jIaaVI t jLjaVI 

jl g.UA'l) JuaJi ‘ 

'I SjLuVI UAdll a'I ^1 .nfri ^ An') 

JcIau (jiiIn') ijiajjC’ jJJaJ .'bl^D 

d.uAAi) ^ d^^) ilul£ )j) )a 

^ ^L 4 JV) ^)ajj^) ^ ^ftnn') jl 

^)^) 1_^\ jIj^V) (3^ ^4aj ^jajjAAjiaI) ^ ,^)J^) L.Ajjl^) 

^ a\| 

.(jtiIn') cj)jjull nJjJ^) Jj.1a1) j) /-■I an t,*;)! 


R27.4.5.2 Forces are transmitted across a shear crack plane by 
aggregate interlock at the interface of the crack that is enhanced by 
clamping action of transverse reinforcement and by dowel action of 
stirrups crossing the crack. The member is assumed to be 
approaching imminent shear failure when crack lengths increase to 
approach a horizontal projected length equal to the depth of the 
member and concurrently widen to the extent that aggregate 
interlock cannot occur, and as transverse stirrups, if present, begin to 
yield or display loss of anchorage so as to threaten their integrity 

^ln ii') jjc jj I ii^'i jjLjiA jjc- R27.4.5.2 

u^)j.4) (3.a&j ■■**)) (lj)«al£il) ^ ^ ^^) 

^j^^) (3*^ O-^ j4m.i') Q\ ^^) 

^ injj ^^Aaxj) ^j)ajj {^j^) ‘ U-A ^jVln') J)^^) JJjJ )aAj& 

Cj)J)£i) ^ 45 !^) ^jjnlt*") V ^3l) JaI) ^) 

‘(j)ji2 j' £^j4a^) ^ (j! 
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27.4.5.3 In regions of members without transverse reinforcement, 
structural cracks inclined to the longitudinal axis and having a 
horizontal projection greater than the depth of the member shall 
be evaluated. For variable-depth members, the depth shall be 
measured at the mid-length of the crack. 

^ ^ 27.4.5.3 

.(jtinM) ‘ (jjiUa tjjaloh (3^^ fL4ac5U 

27.4.5.4 In regions of anchorage and lap splices of reinforcement, 
short inclined cracks or horizontal cracks along the line of 
reinforcement shall be evaluated 

'-»! aa.t.';U *jja1 t ^ 27.4.5.4 

Ja^ Jjia ji ^Lall 


27.4.5.5 Measured deflections shall satisfy (a) or (b); 


<—27.4.5.5 


(a) A, < 


20 , 000 /! 


(27.4.5.5a) 



(27.4.5.5b) 


27.4.5.6 If 27.4.5.5 is not satisfied, it shall be permitted to repeat 
the load test, provided that the second load test begins no earlier 
than 72 hours after removal of externally applied loads from the 
first load test. 


^ ‘ “j* ( 27.4.5.5 ^ (4 |j! 27.4.5.6 

jU^I ^ JLo^Sll ^tjj Cy* ^S'Llu 72 c3^ 

.JjSll J.aaJl 

27.4.5.7 Portions of the structure tested in the second load test 
shall be considered acceptable if; 


jAadl jLlLl UjLiii.1 jaS jj2*j 27.4.5.7 

A, 

(27.4.5.7) 


COMMENTARY 


R27.4.5.3 Inclined cracks may lead to brittle failure of members 
without transverse reinforcement. Assessment of all inclined cracks 
is advisable where transverse reinforcement is not present. 

, 1 * in QjJ f^\ AJjLaII ^ R27.4.5.3 

V LaAlfr ^LaII ^ a-s 


R27.4.5.4 Cracking along the axis of the reinforcement in anchorage 
zones may be related to high stresses associated with the transfer of 
forces between the reinforcement and the concrete. These cracks 
may be indicators of impending brittle failure of the member if they 
are associated with the development of main reinforcement. It is 
important that their causes and consequences be evaluated. 


^jhliiA ^ ..m jja.A Jjla R27.4.5.4 

CjIjaa^a t-t aa.tiitt ^4411 Ja4j4l ^Ixll 

^4-41 4jA, ^ * in I'^l ^44ll aJuja Gj ^^4x11 


R27.4.5.5 If the structure shows no evidence of failure, recovery of 
deflection after removal of the test load is used to determine whether 
the strength of the structure is satisfactory. In the case of a very stiff 
structure, however, the errors in measurements under field 
conditions may be of the same order as the actual deflections and 
recovery. To avoid penalizing a satisfactory structure in such a case, 
recovery measurements are waived if the maximum deflection is 
less than ft2/(20,000h). 

Axj dAbLLjjl ^1 Al* 111 A-u4l ^ G| R27.4.5.5 

^ AJi j4, A,4 ja A,^! Sji (lul£ |j| La Ja^ 

uajjj (JaX! ^ '-■I ■ Aja'l ^Ua^j (jjSj i.4Ad 

JJLull ^ i^L4l aAA JIa ^ Aa4ja A4 UIxa i_ua4, AAlxill aJbtluVIj 
ft2/(20,000h). 6- Jal cp. 1 jl sjU^aVI caIaaIjS 
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27.5—Reduced load rating 

g0U^l27.5 - 

R27.5—Reduced load rating 

g0U^l27.5 - 

27.5.1 Provision for lower load rating—If the structure under 
investigation does not satisfy conditions or criteria of 27.3 or 
27.4.5, the structure shall be permitted for use at a lower load 
rating, based on the results of the load test or analysis, if approved 
by the building official. 

R27.5.1 Provision for lower load rating—Except for load tested 
members that have failed under a test (refer to 27.4.5), the building 
official may permit the use of a structure or member at a lower load 
rating that is judged to be safe and appropriate on the basis of the 
strength evaluation. 

V ^ Gj . 27.5.1 

t 27.4.5 27.3 cf® ji 

(jdlj Ijj 4 jl Ja^I iJllLul 4 Jdl J^A^ ‘ 

.PU^I 

^jjII^aII ^jA^l fLJafrI fUjluiL . R27.5.1 

jaaC’ jI JjjAAo ^Awu ( (27.4.5 ^U) 

.djill (jiuLtaui ^ Jil ^JA& ‘ 
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COMMENTARY REFERENCES 

COMMENTARY REFERENCES 

ACI Committee documents and documents published by other 
organizations that are cited in the commentary are listed first by 
document number, year of publication, and full title, followed by 
authored documents listed alphabetically. 

313-97 — Standard Practice for Design and Construction of Concrete 
Silos and Stacking Tubes for Storing Granular Materials 

^Lyuj^l A^LUl ililAuialll 313-97 - 

tliLalalAll ACI 

Sfjl ^ 

318-63—Commentary on Building Code Requirements for 
Reinforced Concrete 

American Association of State Highway and Transportation 
Officials (AASHTO) 

^Lyuj^ fUJl CiUlLla 318-63 - 

(AASHTO)l&»1'j Jjlall 5iajljll 

318-11—Building Code Requirements for Structural Concrete (ACI 
318-11) and Commentary 

LRFDCONS-3-2010—LRFD Bridge Construction Specifications, 
Third Edition 

(ACI 3I8-II) JjS cjUkL, 3I8-II— 

jli-aV' ‘ LRFD LRFDCONS-3-2010 - 

318.2-14—Building Code Requirements for Concrete Thin Shells 
(ACI 318.2-14) and Commentary 

LRFDUS-6-2012—LRFD Bridge Design Specifications, Sixth 
Edition 

(ACI 3I8.2-I4) 5ileiu jjSll .LL cjUlkL, 3I8.2-I4 - 

jjlfcLlIj 

jlA-aV' ‘ LRFD cjLiualj- LRFDUS-6-2012 - 

332-14—Requirements for Residential Concrete Construction (ACI 
332-14) and Commentary 

American Concrete Institute (ACI) 

(ACI) jilt 

(ACI 332-14) 332-14 - 

117-10—Specification for Tolerances for Concrete Construction 
and Materials 

334.1R-92(02)—Concrete Shell Structures - Practice and 
Commentary 

fUJi ^Lyuj^ ililjjlillll 117-10 - 

J 3^ jU»ll . AJLuijadl 3i^j JSLA 334.IR-92 (02) - 

201.2R-08 — Guide to Durable Concrete 

334.2R-91 — Reinforced Concrete Coohng Tower Shells - Practice 

JJj 201.2R-08 - 

and Commentary 

4_yujLAAll . JJ^ 334.2R-91 - 

209R-92(08) — Prediction of Creep, Shrinkage, and Temperature 
Effects in Concrete Structures 

336.2R-88 — Suggested Analysis and Design Procedures for 

JSL 14 JI ^ ajljaJl ^jJj i 209R-92 (08) — 

Combined Poolings and Mats 

A-'^UA-^riDj -tjnin'') iiil.lJjB'i't 336.2R-88 - 

211.1-91(09) — Standard Practice for Selecting Proportions for 
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APPENDIX A—STEEL REINFORCEMENT INFORMATION 


As an aid to users of the ACl Building Code, information 
on sizes, areas, and weights of various steel reinforcement 
is presented. 

ASTM STANDARD REINFORCING BARS 


Bar size, no. 

Nominal 
diameter, in. 

Nominal area, 
in.2 

Nominal 
weight, Ib/ft 

3 

0.375 

0.11 

0.376 

4 

0.500 

0.20 

0.668 

5 

0.625 

0.31 

1.043 

6 

0.750 

0.44 

1.502 

7 

0.875 

0.60 

2.044 

8 

1.000 

0.79 

2.670 

9 

1.128 

1.00 

3.400 

10 

1.270 

1.27 

4.303 

II 

1.410 

1.56 

5.313 

14 

1.693 

2.25 

7.65 

18 

2.257 

4.00 

13.60 


ASTM STANDARD PRESTRESSING STRANDS, 
WIRES, AND BARS 



Nominal 

Nominal area. 

Nominal 

Type* 

diameter, in. 

in.2 

weighL Ib/ft 


1/4(0.250) 

0.036 

0.122 


5/16(0.313) 

0.058 

0.197 

Seven-wire 
strand (Grade 

3/8 (0.375) 

0.080 

0.272 




250) 

7/16(0,438) 

0.108 

0.367 


1/2 (0.500) 

0.144 

0.490 


(0.600) 

0.216 

0.737 


3/8 (0.375) 

0.085 

0.290 


7/16(0.438) 

0.115 

0.390 

Seven-wire 

1/2(0.500) 

0.153 

0.520 

strand (Grade 

(0.520) 

0.167 

0.570 

270) 

(0.563) 

0.192 

0.650 


(0.600) 

0.217 

0.740 


(0.620) 

0.231 

0.780 


(0.700) 

0.294 

1.000 


0.192 

0.029 

0.098 

Prestressing wire 

0.196 

0.030 

0.102 

0.250 

0.049 

0.170 



0.276 

0.060 

0.204 


3/4 

0.44 

1.50 


7/8 

0.60 

2.04 

Prestressing bars 

1 

0.78 

2.67 

(Type I, plain) 

1-1/8 

0.99 

3.38 


1-1/4 

1.23 

4.17 


1-3/8 

1.48 

5.05 


5/8 

0.28 

0.98 


3/4 

0.42 

1.49 

Prestressing 

1 

0.85 

3.01 

bars (Type 11. 
defomied) 

1-1/4 

1.25 

4.39 

1-3/8 

1.58 

5.56 


1-3/4 

2.58 

9.10 


2-1/2 

5.16 

18.20 


3 

6.85 

24.09 


'Availability of some strand, wire, and bar sizes should be investigated in advance. 
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WRI STANDARD WIRE REINFORCEMENT 


W & D size 

Nominal diameter, in. 

Nominal area, in.^ 

Nominal weight, Ib/ft 

Area, in.Vft of width for various spacings 

Center-to-center spacing, in. 

Plain 

Deformed 


2 

3 

4 

6 

8 

10 

12 

W31 

D31 

0,628 

0.310 

1.054 

1.86 

1.24 

0.93 

0.62 

0.46 

0,37 

0.31 

W30 

D30 

0.618 

0.300 

1.020 

1.80 

1.20 

0.90 

0.60 

0.45 

0.36 

0.30 

W28 

D28 

0.597 

0.280 

0.952 

1.68 

1.12 

0.84 

0.56 

0.42 

0.33 

0.28 

W26 

D26 

0.575 

0.260 

0.884 

1.56 

1.04 

0.78 

0.52 

0.39 

0.31 

0.26 

W24 

D24 

0,553 

0,240 

0.816 

1.44 

0,96 

0.72 

0.48 

0.36 

0.28 

0.24 

W22 

D22 

0.529 

0.220 

0.748 

1.32 

0.88 

0.66 

0.44 

0.33 

0.26 

0.22 

W20 

D20 

0.505 

0.200 

0.680 

1.20 

0.80 

0.60 

0.40 

0.30 

0.24 

0.20 

WI8 

D18 

0.479 

0.180 

0.612 

1.08 

0.72 

0.54 

0.36 

0.27 

0.21 

0.18 

WI6 

D16 

0.451 

0.160 

0.544 

0.96 

0.64 

0,48 

0.32 

0.24 

0.19 

0.16 

WI4 

D14 

0.422 

0.140 

0.476 

0.84 

0.56 

0.42 

0.28 

0.21 

0.16 

0.14 

WI2 

D12 

0.391 

0.120 

0.408 

0.72 

0.48 

0.36 

0.24 

0.18 

0.14 

0.12 

Wll 

Dll 

0.374 

0.110 

0.374 

0.66 

0,44 

0.33 

0.22 

0.16 

0.13 

0.11 

W10.5 


0.366 

0.105 

0.357 

0.63 

0.42 

0.315 

0.21 

0.15 

0.12 

0.105 

WIO 

DIO 

0.357 

0.100 

0.340 

0.60 

0.40 

0.30 

0.20 

0.15 

0.12 

0.10 

W9.5 


0.348 

0.095 

0.323 

0.57 

0.38 

0.285 

0.19 

0.14 

0.11 

0.095 

W9 

D9 

0.338 

0.090 

0.306 

0.54 

0.36 

0.27 

0.18 

0.13 

0.10 

0.09 

W8.5 


0.329 

0.085 

0.289 

0.51 

0,34 

0,255 

0.17 

0.12 

0.10 

0.085 

W8 

D8 

0.319 

0.080 

0.272 

0.48 

0.32 

0.24 

0.16 

0.12 

0.09 

0.08 

W7.5 


0.309 

0.075 

0.255 

0.45 

0.30 

0.225 

0.15 

0.11 

0.09 

0.075 

W7 

D7 

0.299 

0.070 

0.238 

0.42 

0.28 

0.21 

0.14 

0.10 

0.08 

0.07 

W6.5 


0.288 

0.065 

0.221 

0.39 

0.26 

0.195 

0.13 

0.09 

0.07 

0.065 

W6 

D6 

0.276 

0.060 

0.204 

0.36 

0.24 

0.18 

0.12 

0.09 

0.07 

0.06 

W5.5 


0.265 

0.055 

0.187 

0.33 

0.22 

0.165 

0.11 

0.08 

0.06 

0.055 

W5 

D5 

0.252 

0.050 

0.170 

0.30 

0.20 

0.15 

0.10 

0.07 

0.06 

0.05 

W4.5 


0.239 

0.045 

0.153 

0.27 

0.18 

0.135 

0.09 

0.06 

0.05 

0.045 

W4 

D4 

0,226 

0.040 

0,136 

0.24 

0.16 

0.12 

0,08 

0.06 

0.04 

0.04 

W3.5 


0.211 

0.035 

0.119 

0.21 

0.14 

0.105 

0.07 

0.05 

0.04 

0.035 

W3 


0.195 

0.030 

0.102 

0.18 

0.12 

0.09 

0.06 

0.04 

0.03 

0.03 

W2.9 


0.192 

0.029 

0.098 

0.174 

0.116 

0.087 

0.058 

0.04 

0.03 

0.029 

W2.5 


0.178 

0.025 

0.085 

0.15 

0.10 

0,075 

0.05 

0.03 

0.03 

0.025 

W2 


0.160 

0.020 

0.068 

0.12 

0.08 

0.06 

0.04 

0.03 

0.02 

0.02 

W1.4 


0.134 

0.014 

0.049 

0.084 

0.056 

0.042 

0.028 

0.02 

0.01 

0.014 


‘Reference “Structural Welded Wire Reinforcement Manual of Standard Practice.” Wire Reinforcement Institute, Hartford. CT, sixth edition, Apr., 2001,38 pp. 
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APPENDIX B—EQUIVALENCE BETWEEN SI-METRIC, 

MKS-METRIC, AND U.S. CUSTOMARY UNITS OF NONHOMOGENOUS EQUATIONS IN THE CODE 


Provision 

number 

Sl-metric stress in MPa 

mks-metric stress in kgf/cm^ 

U.S. Customary units stress in 
pounds per square inch (psi) 


1 MPa 

10 kgf/cm^ 

145 psi 


// = 21 MPa 

7c' = 210 kgf/cm- 

fc = 3000 psi 


/; = 28 MPa 

7c' = 280 kgl7cm^ 

/c' = 4000 psi 


/e' = 35 MPa 

7^'= 350 kgf7cm^ 

fc = 5000 psi 


fc' = 40 MPa 

7c' = 420 kgf/cm^ 

/c' = 6000 psi 


fy = 280 MPa 

fy = 2800 kgf/cm- 

/^ = 40,000 psi 


/^ = 420 MPa 

fy = 4200 kgf/cm^ 

fy = 60,000 psi 


fp„= 1725 MPa 

7;„= 17,600 kgf/cm- 

fpu = 250,000 psi 


j]n, = 1860 MPa 

fpu = 19,000 kgf/cm^ 

fpu = 270,000 psi 


yfZ' in MPa 

3.1874 in kgf/cm- 

1274 inps' 


0.313^' in MPa 

74 in kgf/cm- 

3.7774 in psi 


0.083 7^' in MPa 

0.27 yjf' in kgf/cm^ 

74 in psi 


OAlypi’ in MPa 

0.53 74 kgf/cm^ 

274 in psi 

6.6.4.5.4 

M2.^,„ = P,(\5 + 0.03h) 

M2y„i„ = P„{\.5 + 0.03h) 

M:,„,.„ = P„(0.6 + 0.03/r) 

7.3.1.1.1 

( f 1 

0 4+ - 


foil 

\ 

/ 

f 

0.4 + 

V 

f \ 

J y 


1 ■ 700J 

1, ■ 7000 

100,000 J 

7.3.1.1.2 

(1.65 - 0.0003w,)> 1.09 

(1.65-0.0003 Wc)> 1.09 

(1.65-0.005 Wc)> 1.09 

7.6.1.1 

0.0018x420 

0.0018x4200 


0.0018x60,000 , 



4 

4 

7.7.3.5(c) 

0.41 

fy, 

4 . 2 ^ 

fy. 

60^ 

fy, 

8.3.1.2(b)(c) 

f 

L 0-* 

, V 

1+ 1 


/ 

0.8 H 
V 

/ 

Jy 


4 

{ f ^ 

0 0 1 •'y 

> 5 in. 

^1400 J 

14,000y 

4'“ ' 200,000, 

" 36 + 5|3 


" 36 + 5p( 


^ >12.5 cm 

" 36 + 5p(a^-0.2) 

8.3.1.2(d)(e) 

CO 

O 

B 

II 

•4 


L — 

0.8-t 

4 1 

- 9 cm 

4 

U — 

f08+ ' 

. - 3.5 in. 


14,000 j 

[ ■ 200,000, 

36 + 9P 

36 + 9P 

36 + 9P 

8.3.4.1 

/< 0.50 74 

f< 1.674 

f,<(>4fc 

8.6.1.1 

0.0018x420 

0.0018x4200 ^ 


0.0018x60,000 , 


4 

4 

4 

8.6.2.3 

0.1774 

0.50 74 

0.5374 

1.674 

274 

674 

8.7.5.6.3.1(a) 
and (b) 

0.3774m 

As r 

J y 

. '^Abd 

A = - — 

fy 

^■ 24 f\d 

As= f 

Jy 

A. = -^ 

4 

A.54f\d 

As= f 

Jy 

, 300hd 

A = - — 

fy 


American Concrete Institute - Copyrighted © Material - www.concrete.org (QCI » 






































































8.7.7.1.2 



-1)6 44 

9.3.1.1.1 

( f ^ 

0 4-1- 

f 

0 /I 1 


Oil 


[ ■ 700j 

■ 7000 J 

4’"' 100,000 J 

9.3.1.1.2 

(1.65 - 0.0003 w^)> 1.09 

(1.65 - 0.0003 iv^)> 1.09 

(1.65-0.005h'c)> 1.09 

9.6.1.2(a) and 
(b) 

Jy 

yhj 

Jy 

4 

4 

fy 

—V 

/■ 
y V 

9.6.3.1 


K, <4)0.53^ 6,,t/ 

k,<(^2 44m 

9.6.3.3 

0.062 

Jyt 

h^^.s 

^\\min — 0.35 ^ 

J yH 

^ 0.2 -v/^ 

J yi 

b S 

Ay,„i„ > 3.5 — 

J yt 

A.,„,i„>0.75 4fc'^ 

J yt 

SOhs 

A . > - 

^v.min — 

Jyt 

9.6.4.2(a) and 
(b) 

(A, + 2A,ys > 0.062 4Tc 

/>/ 

0.3 56„, 

(A+2^,)/.9> 

J yt 

(Ay+ 2 A)ls> 0 . 24 Tc^ 

J yt 

3.56„. 

(^„ + Z4,)/s > , 

J yt 

(Ay + 2^,)/s > 0.75 JTc ^ 

Jyt 

50/)„ 

(Ay+2A;)ls> “ 

J yt 

9.6.4.3(a) and 
(b) 

,0-«7t'4, (4) /, 

, . l•33^/44. 

Jy 

. . >•33444., 

Jy 

m 

'256 1 /,, 

/, Ph . 

V. ) Jy 

A. < - 

Jy 

A, < - 

Jy 

A,] 4 

— p/,-r 

1 J 4 

f256 l fy, 
f f 

\ Jyt J Jy 

— J, \rh 

fy ) fy 

^ f 0.1756.1 /„ 

/, -[ /, J'-/, 

9.7.3.5(c) 

0.41^ 

f. 

4 . 2 !^ 

4 

60^ 

4 

9.7.6.2.2 

0.33 TX' bnd 

1.14444 

AyJJbyd 

9.9.2.1 

K,<(^0.83 7Z^M 

K„< 4)2.65 44 44 

4 <(^1044 47 / 

10.6.2.2 

A,„,„> 0.062^'^ 

J yt 

b S 

A,.„,„>035^ 

J yi 

A,„i„>0.2^'Y 

J yt 

A,.„i„> 3.5^ 

J yt 

4..™>,>0.75 4 c^ 

J yt 

. 506 s 

'f 

^v.mm — - 

Jyt 

10.7.6.5.2 

0.33 

1.14447/ 

Ajjbyd 

11.5.4.3 

0.83 

2.65 44/;c/ 

ioTI'hd 

11.5.4.5 and 

11.5.4.6 (a) 

O.nXyJZ'hd 

0.53X^17; hd 

2x77: M 
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11.5.4.6(b) 


0.17 


' 0.29N, ^ 

1 +- ■ 


^4fXd 


0.53 


N.. 


1 -f- 

V 354 , 




1 +- 


N.. 


500/4 


^4TXd 


« J 


11.5.4.6(d) 


v^ = o.2nJf:hd+^ 


v^^o.m^'hd+^ 


V^=3.3X^'hd + ^ 


11.5.4.6(e) 






o.os/.^x'-' 


<Jo.a^'+ 


0.2N„ 


K_L 
K 2 


hJ 






X_L 

K 2 


hd 


0.6x47: 




X_Ll 
V. 2 


hd 


12.5.3.3 


5 8.3 MPa 


< 21 kgf/cm= 


■Jfc’ ^ 100 psi 


12.5.3.4 


K<<^0.66A,,.^' 
< 8.3 MPa 


K<i^2.\A„^' 
VX' <27kgf/cm2 


\[Z' ^ 100 psi 


14.5.2.1a 


M, = 0.42k 


M„=\.33x4L'S,„ 


M„ = 5X^'S^ 


14.5.4.1(a) 


|^-^<(,0.42kV^ 


f^-j-<^l.33X4f: 




14.5.5.1(a) 


F„ = 0.11kVZ’'M 


F„ = 0.35k VX'M 


Vr,=-X4I' 


14.5.5.1(b) 
and (c) 


P =0.11 




V„=0.22ky[4\h 


F = 0.35 




^47xh 

V„=0.1\X^'b^h 


F. = 


1+2 

P. 






15.4.2 


A,„,„> 0.062 41'Y 

Jy> 

b S 

Ay,„t„ > 0.35 

J vt 


Ay,„,„>o.2y[f;^ 

Jyt 

A >35^ 

^v.mm — ‘- 

Jyt 


Ay.„>„>o.i5 4T;’^ 
J yl 

d^wmin — ^^”7 
J vt 


16.4.4.1 


(|)(3.56,,‘/) 


^(35byd) 


(t)(5006,,cO 


16.4.4.2 


1.8 + 0.6 


Afy, 

b^.s ^ 


b..d 


18 + 0.6 


AX 

b.,s 


hJ 


3.5b,d 
0.55b,d 


35b,d 

5.6b,d 


.AX 


k 260 + 0.6- 

V 


500b,d 

'&0b,d 


b,.d 


16.4.6.1 


A,.,„^„> 0.062 

Jyl 


A,.,„i„ > 0.35 ^ 
Jyt 


Ay.„i„>0.2 4X'^ 

Jyt 


. V 
X 


Ay.„i„>0.15 4X'Y 

Jyl 


h ? 

A,.,,„;„ > 50^ 


X 


16.5.2.4(b) 
and (c) 


(3.3 + 0.0^f7)b„d 
\\b„d 


(34 + 0.0%')h„d 
UObyd 


(480 + 0.08//)6„^ 

\600byd 


faci: 
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16.5.2.5(b) 


5.5-1.9— \hd 


55-20— \bd 


800-280— \hd 


17.4.2.2a 

17.4.2.2b 

17.4.4.1 

17.4.5.1d 


17.5.2.3 

18.7.5.2 

18.7.5.3 

18.7.5.4(a) 

18.8.4.1 

18.8.5.1 

18.10.2.1 
18.10.2.2 

18.10.4.1 


X = 10 or 7 _ 

N, = :i.9X,4l'he/^ 

10c/„ j— 

‘•\7.6 


N, = kx4fcKf-^ 

^ 10 or 7 _ 

Nst, - 42.5c'a| ka y[Tc 

iOd^J— 

“V 76 


NH = kX4l'hX^ 

It, = 24 or 17 
N,= \6K,^' 

= 160c'„i ka 

lOJ, ^ 


17.5.2.2a ^;=0.6^ = ^k^^j 


17.5.2.2b V, = 3JK^'{cJ 


v,=2.x4T:{cJ- 




F,=o.66^ ^ K = ^X- KKiJ 


\fc' > 70 MPa 


^ =100 + 


350-/;, 

3 


k, = — + 9.6>\.Q 

' 175 

^■kk^:Aj 

\.2X^'Aj 

l. Ok^'Aj 

^..=//*/(5.4?cVr) 


18.10.4.4 

18.10.4.5 
18.10.6.5(a) 
18.10.6.5(b) 


fc' > 700 kgf/cm^ 

|.„=.0 + f^ 


k, =^^ + 0.6 >1.0 
■' 1750 

^53x4f:Aj 

A.OkJZ'A, 

3.2X47: A, 


//> 10,000 psi 
■s„ =4+ -i 



/t, = —^ ^ - ■ + 0.6>1.0 


' 25,000 

20k TX A, 

^^kTI'Aj 

^^k^Jl'Aj 

(■^=fA/(65k47:) 



0.083 AX 41: 

0.27 AX 41' 

AX 47: 

o.nAx47: 

0.53AX4I' 

2ax4T: 

v„=am4T: +p/;.) 

V„ = A„{a,x47: +p/) 

V„ = Ac^(a,x4T: +p/) 

a, = 0.25 for ^ < 1.5 

a, = 0.80 for .^ < 1.5 

a, = 3.0 for .^ < 1.5 


L- 


a, = 0.17 for >2.0 

a,. = 0.53 for Al >2.0 

a, = 2.0 for fX. > 2.0 


L- 


0.66A„.4f: 

2.\2Acy4Y: 

4T: 

0.83A^.47; 

2.65 A„.4]i' 

1 oAct,. 47: 

0.83A^.4f: 

2.65A„. 47: 

^oAcii-47: 

2 .8//, 

28// 

400// 

0.083AX41' 

0.27 AX 47: 

AX 47: 
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18.10.7.2 

0.33)1 

1.1^7^^,.. 

4X^1'A^. 

18.10.7.4 

V„ = lAJ'ySma < 0.83 A„ 

4, = 2^,./’5ina < 2.65 TX' /4,„. 

4 = 24./.sina < 10 74 

18.12.7.6(b) 

>0.062 77^^ 

J yt 

4..™/„>0.35^ 

J yt 

A,„!„>0.2^'Y 

J yt 

A™„>3.5^ 

J yt 

4™™ >0.7574'^ 

Jyl 

^ 50h s 

„ 

J yt 

18.12.9.1 

V„ = A,,(Q.\l-k4fc +P/v) 

4 = ^.w(0.53x74' +p4) 

4 = A42x74' +p4) 

18.12.9.2 

0.66.4„. ^ 

2-124...74' 

00 

18.14.5.1 

0.29 VX' 

0.93 74' 

3.574 

19.2.2.1(a) 

£,= w'/0.043^' 

II 

p 

4= w7’33 74 

19.2.2.1(b) 

£,. = 4100^’ 

£■,= 15,10074' 

E,=5im4fc 

19.2.3.1 

fr=0.62X^' 

4 = 2^74' 

4=7.5X74 

19.2.4.3 

X=/.,/(0.56 7Z^)<1.0 

>^=4/(1.78 7x7) <1.0 

X=fJ(6j4I^)<\.0 

20.3.2.4.1 

fse + 70 + 

loop, 

/.e + 420 

fps = fse + 70 + 

300p, 

£e + 2l0 

4, + 700 + —^ 

loop, 

4,+ 4200 

4.=4e+700+ 

300p, 

4,+ 2100 

4,+ 10,000+ 

loop, 

4, + 60,000 

fm=f<e+ 10,000+ 

4, + 30,000 

21.2.3 

4 = 

1 21 


4 = 

fe]"* 

4 = l-^lx 

UoooJ 

22.2.2.4.3 

7 

0.05(/";-280 

0.85 - - L 

70 

0.05(4- 4000) 

0.85 -- - 

1000 

22.5.1.2 

+0.6674'4^ 

4<<K4 +2.274'6„^ 

4<<t)(4 +8744.C/) 

22.5.5.1 

4 = 

4 = 

<(o 

<0.2 

OAUyfZ'kd 

( V d\ 

0.16^7^ + 17p„,^ 

i6x4Z'+np^)Kd 

%x/4'M 

4 = 

4 = 

<(o 

<0.5 

0.53X777 M 

0.5X74' + 176p„,.^] 

5>^74^ + 176p„.)6„.r7 
3X74'M 

Kd 

4 = 2X746,,^/ 

4= [l-9^74+2500p„,^ 

< (l.9X74+2500p„,)6„^ 
<3.5X746,,^ 

Kd 

22.5.6.1 

/ 

4=0.17 

\ 

"l /— 

1 1 “ y If'h ri 

4 = 

f ^ A 

n 1 J. " ^ rph 

d 

4 ^ \ 

r/ ') 1 1 « “i /T'a ^ 


14^^ 

1 1 rv\/ 

[ 1404 J 

*■ 2000 /I J 

22.5.6.1(a) 

= 

\ 

0.16X7 

\ 

rii7o hd 

K = 

\ 


h^d 


bj 

J 

1 1 / 6 p^ 

K-N.— 

K 1 . 74 . 77 ^ 1 ^3UUp^ 47 ,-yV 
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22.5.6.1(b) 


0.29N,, 

1 +- - 

V, = 0.93X 47 hnd^ 

L 

354 

= 3.5X47 b,d^ 

L 

5004 

22.5.7.1 

K=0.17 

( 0.29)V„ 1 

1 +- 

x47:b„d>o 

Vc = 0.53 

1 

354 J 

^47 b„d >0 

F, = 2 

L ] 

[ 5004 J 

x47 b„d^ 0 

22.5.8.2 

F,= 1^0.05),^'+4.8^ 

V,< (o.05A,7Z'+4-8)M 

b.d< V,< 0 A 2 X^' M 

V,= \ 0.16X47’+ 49^]b„d 

V,< (0.\6X47'+‘^0)b„d 

0.53X47 Kd< K< 1.33X47 

V,= \o. 6 X 47 : + 100 ^ b„d 

Vc < ( 0.6 4 ~' 700 ) b,,d 

2X47 b,,d<V,<5X47 b„d 

22.5.8.3.1a 

F,; = 0.05X^'/)„4+ Fj+ 

^ max 

1 — VM 

K.i = 0 .\ 6 x 47 b„d,+ Vj+ 

F,,- = 0.6k 47 6„4 +Vj+ 

22.5.8.3.1b 

Vci = 0.\4X41'h.d 

= 0.45X 47 I’.d 

K,= i.7kV7;'^.^ 

22.5.8.3.1c 

/ 

Mck = 

\ 


'i 

(0.5X47 +fpe-f.i) 

) 

M,re= — 

[y 

- (y^x47 

J 

Hre = 

' r 

(0x47: +fpe-fj) 

22.5.8.3.2 

V^. = (0.29X47: +0.-if^)b„d,+ Kp 

y„ = (0.93X47 + 0.3/p<,)6.,4 + Fp 

V^. = (3.5X47 +0.3/p<,)Mp+Fp 

22.5.8.3.3 

0.33X47: 

\-^x47 

4x47 

22.5.10.6.2a 

22.5.10.6.2b 

K <0.25 47 : b,,d 

V., < 0.8 47 b„d 

K <2 47Kd 

22.6.3.1 

41: < 8.3 MPa 

47 ^ 21 kgf/cm- 

47 5 100 psi 

22.6.5.2(a) 

v, = 0.33X 41: 

vc=\.\x47: 

II 

22.6.5.2(b) 

F^=0.17j^ 

|+-VV7' 

pj 

V =0.53 

c 


/ 

K- 

v 

4. 

x47 

22.6.5.2(c) 

V =0.083 

c 

1 K J 

^47: 

7^ 

II 

0 

>>0 

bo J 

^47: 


2+M' 

bo ) 

x47 

22.6.5.5 

41: <5.8 MPa 

0.9 MPa<X^<3.5 MPa 

47 <19 kgf/cm’ 

9 kg£>cm-< 7 ^ < 35 kgf>cm- 

47 <70 psi 

125 psi<Xc<500 psi 

22.6.5.5a 

V, = (0.29x47: + 0.3^) + V^(b„d) 

V, = (0.93X47 + 0.3/p,) + V^(b„d) 

v, = (3.5X47 +0.3f^)+Vpl(b„d) 

22.6.5.5b 

Vc = 0.083 

+ 0.3f^+\ 

' 1 . 5 +^ 

K 

'J(b,4) 

^47 

) 

Vc = 0.27 

V 

+ 0.3Xc + 

1.5 + ^ 

F^(6„r;0 

^47 

Vc = 

V 

+ 0.3/ 

L5 + ^ 
bo 

'oc+ VAbo 

\ 

x47 

} 

A 

22.6.6.1(a), 

(b),(d) 

o.\ix4I: 

0.53X47 

2x47 

22.6.6.1(c) 

0-25X47 

0.80X47 

2 x 47 

22.6.6.2(a) 

>1)0.5 VX' 

<l>l•6^/r 

<^047 

22.6.6.2(b) 

^0.66 47 

^2.\47 

^^47 
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APPENDIX B—EQUIVALENCES 


515 


22.6.8.3 


^]>0.17VX' 






V-'v' J 


^U0.53VX' 


/> 


\Jyt ) 




v/.-2 


22.6.9.10 


(1)0.33 VX' 

<t>0.58VX' 


<t>l.lN/X' 


<^4Vr 

<t>7# 


22.6.9.12 


^033Xyll' 


^1^x47: 




22.7.2.1 


VX' 2 8.3 MPa 


Vx" 2 27 kgf/ctn^ 


4Tc S 100 psi 


22.7.4. l{a)(a) 


T„<QM3X4f: 




T„< 0.27X47; 




V 7 


Av. 


t„<x4T; 






22.7.4. l(a)(b) 


r,» <0.083?. 


Z' v«2 


4 L_t_ 

ftpJV 0 . 33 x 7 : 4 ' 


T„< 0.21x47; 




1 + 


/■ 

J pc 


^4T: 


T,H<x4f; 




1 + 


4^3/Z' 


22.7.4. l(a)(c) 


T„ < 0.083x7r l + rj, 


T„< 0.21X47' 


PcpJ 


1 + 


N.. 


\'^4f; 


t.>,<^4I' 


f A- 

Ap 


1 + 


N.. 


h^47; 


22 . 7 . 4 .l(b)(a) 


T„< 0.0^3X47 


^7^ 

p 

\ pp ) 


T„< 0.21X47 




P 

\ PP J 


t„<x47; 




p 

\ V J 


22 . 7 . 4 . l(b)(b) 


T„<0.0S3x47'1^'^ 




1 + 


0.33X47 


T„< 0 . 21 X 47 




p 

\ pp J 


1 + 


.4 




p 

\ •:p J 


1 + 


f 

J pc 


^^47; 


22.7.4. l{b)(c) 


T,^ < 0.083X ^/Z'| Wl +- 


^Pj]l 0.33A^X47' 


T„< 0 . 21 x 47 




P 

\ pp J 


1 + 


N. 


7^71' 


T„<x47; 




p 

V rp 7 


1 + 


Af. 


h^47; 


22.7.5.1(a) 


T,,-0.33X47 




I A, 


Pep J 


2 \ 


7 ;. = 4X7^ 




22.7.5.1(b) 


Ter = 0.33X47' 


1 + 


4 


0.33X47 


Tpr = X47\ 


a2 \ 


1+^ 


>^41' 


Ter = AX 47 


r a2 \ 


\^CP J 


1 + 


fpc 

A^4f: 


22.7.5.1(c) 




Ter = X47 


A^ '' 

Ap 
Pep J 


1 + 


(V., 




Ter = AX 47 


^ep 


1 + 


N.. 


aa^TT: 


22.7.7.1a 


teMstl IvMot)' 


fe; 

f* 


fe) 

*( 

' fp, ] 
J-lAlJ 


22.7.7.1b 




'•SftTZ'j 






22.9.4.4(b), 
(c), and (e) 


(3.3 + 0.08/;')^,. 
11.4, 

5.5X 


(34 + 0.084').4, 

110 / 1 , 

55/1, 


(480 + 0.08/,')/!, 

1600.4, 

800.4, 


24.3.2 


i = 380 


.s = 300 


^280^ 


fs 

280 

yfs 


- 2.5c, 


\ Js J 
/ 


s = 38 


5 = 30 


' 2800 ' 
^ /s / 

' 2800 ' 


- 2.5c, 


\ fs 1 


5= 15 


.?= 12 


f 40,000 


I f 


- 2.5c, 


S / 
\ 


40,000 

f 


faci: 
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24.3.2.2 

44, < 250 MPa 

44, < 140 MPa 

Afp,. < 2500 kgf/cm‘ 

4^, < 1400 kgfi'cm- 

Afps < 36,000 psi 

44 < 20,000 psi 

24.4.3.2 

0.0018x420 


0.0018x4200 


0.0018x60,000 


fy 

fy 

fy 

24.5.2.1 

y;<o.62^' 

0.62^' <4< 1.07:4 
f> 1074 
/< 0.5074 

y;<2 74 

274 <f<^-2yr 

/>3.2 74 

f<^-641: 

4 <7.5 74 

7.574 <4 <i 274 

4>1274 

f<^4f:> 

24.5.3.2 

0.5074 

0.2574 

1.674: 

0.8 74 

674; 

374 

25.4.1.4 

74 2 8.3 MPa 

74 ^ 26.5 kgf/cm^ 

74 ^ 100 psi 

25.4.2.2 


' 4v,v. 1, 

4 r- 4 

U.aTI'J 

. f 4v<v^ 1, 

[6.6^74] ^ 

e</ = 

fy^.^e 

25x47: 

\ 

db 

) 

25.4.2.3a 

tj = 

4 

, _ 4 V,VeV., 


^fy 

//. 

i.aTx 


X W/) 

/ 

3.5^7:^ 

'(^b + K 

\ 

/ 

40?i74f 

4*+ 44 



1 4 

[ 4 


db J 

25.4.4.2(a) 

f0.194v/ 

1 ^/r , 

db 

fo.o6y>4 

1 >/4 J 

4 

r 0.0164 v|/4 

1 ^/4' J 

db 

25.4.6.3(a) 

f 4-240'I 


f / -2460'1 


r /-35,000 

\ 

/ 

^ 4 > 

V fy / 

1 4 

25.4.7.2(b) 

/ 

3.3 

V 

4 1 

(4 

( fy ](Ab 

[lAi'iy » 

J 

0.27 

f 4 1 

J y 

[^47) 

.s ) 

25.4.8.1(a) 

( 4^1 + 

121 j 

' fps-L' 

7 J 

db 

f 4l. 1 t/ft + 
I210J 

'fps-fe] 

10 J 

db 

{ 4,. + 

UoooJ 

' f -f 

J ps J se 

^ 1000 

\ 

db 

} 

25.4.9.2(a) 

( 0-244 1 , 


( 0.0754 1 , 

!> 

f 4 

J y 

db 

1 r 

1 ^^/4 J 

[50^74. 

25.4.9.2(b) 

(O.OWM, 

(o.oo44yv)4 

(0.000344 

25.5.5.1(a) 
and (b) 

Q.Qllfydh 

(0.134-24)r/, 

0.0012f,db 

(0.013/;-24)rf, 

0.0005/;^* 

(0.0009/;-24)4 

25.7.1.3(b) 

0.17 

0.053 

^74 

0.014 

^4f' 

25.7.1.7 

A/y,< 40,000 N 

/14<4000 kgf 

44, <9000 lb 

25.9.4.5.1 

fps =4 20 

4 ""/'e + 700 

4. =4. + 10,000 

26.12.5.1 

0.6274 

2 41' 

1-^47: 
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